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analytical opportunities using HNMRP data are also discussed at the end of the report
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1.0 INTRODUCTION

This report summarizes the activities and findings of the Helicopter Noise
Measurement Repeatability Program (HNMEP), which was initiated by the
International Civil Aviation Organization's (ICA0) Committee on Aviation
Environmental Protection (CAEP) Working Group II in October of 1983. This
enterprise was begun in the interest of further developing and refining
international helicopter noise certification standards.

The HNMEP has been an internaticnal effort involving the active participation
of technical and regulatory personnel from: Australia, Canada, the Federal
Republic of Germany, France, Italy, Japan, the United Kingdom, and the United
States.

This report has been published by the US Federal Aviatlon Adminlstration
(FAA). It represents the efforts of the program participants, Working Group
IT (WG 11), the HNMRP Program Coordinator (from the FAA) and the HNMRP support
staff.

Participating ICAQO CAFP WG II nations set out to investigate the degree of
variability in test results measured under the existent helicopter noise
certification rule by conducting a multinational noise measurement flight test
program which utilized a single, widely available helicopter, the Bell 206L-1
{or the acoustically equivalent Bell 206L-3).

The benefits and results of the HNMRP have been many:

First, the HNMRP provided a large number of certificating authorities and
industry participants the opportunity to acquire experience in helicopter
noise certification. The experience gained by each participant will be
reflected in thelr future field testing, data reduction and analysis projects.

Secondly, the HNMRP provided WG II members the opportunity to thoroughly test
and review the requirements of Chapter 8 and Appendix 4 of ICAO Anmnex 16
through implementation experience. As a result of this experience,
recommendations for improvements and refinements were developed and formally
delineated in the WG II Report to CAEP, many of which were subsequently
adopted at the CAEP/l meeting in Montreal (June 1986) as proposed amendments
to Annex 16,

Thirdly, the HNMRP provided WG II the chance to review the inherent
repeatability of nolse levels for a single helicopter model tested by
different teams at different locations.

Included in this report are the summary data for each partileipant, summary
multi-nation comparison data, analyses, and discussion of the program results,
including the refinements proposed for the international helicopter noise
certification standard. Actual single event data for each participant are
available in the original data source reference reports used in the
construction of this document.

The HNMRP, having completed the important regulatory review portion of its
agenda and having collated and summarized participant data, concluded its



program activities at the CAEP/] meeting in Montreal in June 1986. Further
analyais of results and field test experiences have been identified as
proposed work items for the newly established Working Group II (1987-1990).
Those and other spin-off work topilcs identified through the HNMRP activities
and efforts have been summarized in Section 10, These adjunct study topics
are also natural candidates for the new Working Group II agenda, or for the
agenda of a CAEP Technical Manual committee.

The HNMRP has been a collective effort of all of the program participants.
Group meetings, as well as many phone conferences, were held during the span
of the program. Pictured in Figure 1.0.A are the program participants who
attended the Washingtom, DC (US) HNMRP Evaluation Meeting held in October of
1985. From left to right, front row are: Tom Kelly (Canada), Alain Depitre
{France), Ed Rickley (US), Srini Nagaraja (Italy), John Leverton (HAI), Susan
Woolridge (US staff assistant), Mr. Kitazawa (Japan), Mr. Yoshioka (Japan),
Mr. Masue (Japan), and Rowena Cross-Najafi (US staff assistant). Back row,
left to right: Maryalice Locke (US), Dennis Levanduski (US staff assistant),
Jean Marze (France), Vital Ferry (France), John Wesler (US), Tony Pike (UK},
Dr. John Powers (US), Peter Kearsey (UK), Steve Newman (US), Ken Adams (UK),
John Fennell (UK), Larry Plaster (US), Richard Tedrick (US), and Sharon
Daboin-Yoshikami (US).

Figure 1.0.A
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2.0 BACKGROUND AND HISTOEY OF THE HNMRP
2.1 PREDECESSORS

The HNMRP evolved from two previous multinational programs sponsored by ICAO
during the years 1980 through 1986.

The first program was an international "round-robin" helicopter noise analysis
program (Ref 1) conducted under the auspices of the ICAO Committee on Aircraft
Noise (CAN) WG B (the predecessor to WG IT). The program was formulated under
WG B Rapporteur Vitale Ferry, of the French Direction Generale de 1'Aviation
Civile (DGAC), and Program Coordinator Edward J. Rickley, of the US Department
of Transportation (DOT) Transportation Systems Center (TSC). Trom the
analysis of identical analog tapes of helicopter noise, this program provided
a quantitative comparison of data reduction and analysis systems. The results
showed a standard deviation (of differences) on the order 0.5 dB and a range
of differences approaching 1.5 dB (3 standard deviations).

The second program was an examination, by a three nation panel, of the test to
test variability of noise data from the Al09-A helicopter using ICAO Anmex 16
neise certification procedures (Ref 2). The AlQ9-A study examined two
separate fleld tests, conducted at different locations, by two different
teams—but with the same model aircraft. The purpose of the program was to
develop greater confidence and understanding of the application of the ICAO
noise standards. The AIO09-A study also strived to bring to light problems, if
any, regarding test repeatabllity, test procedures, flight procedures or any
other test or data reduction factors.

The AL09-A study concluded:

"The approach mode requires further examination due to the apparent
variability in noise levels as seen in the AI09-A case which was also
cbserved in the case of the earlier individual campaigns carried out by the
French, GCerman and the FAA teams."

It was also recommended that further studies be conducted to acguire a better
statistical knowledge of:

1. alrcraft—to-aircraft variability;

2. pilot-to-pilotr variability;

3. effect of wind on uneven blade loading;

4. the human dynamics of verbal flight path guidance and influence on
noise data variability; and

5. the use of stability augmentation techniques wverses manual control.

In addition, the report stated:

"It ig important to investigate the zbove factors and explain such test to
test variability in order to remove uncertainties and to provide the
confidence required in the application of the proposed standards. Should
the result of such a thorough investigaticon still be negative it might be
necessary to consider specifying an additional degree of tolerance about the
prescribed noise I1imits for the approach case in order to allow for
'undefinable' factors."




These conclusions and recommendations along with the "round robin" experience
provided the basis for the development of the Helicopter Noise Measurement
Repeatability Program.

2.2 WORKING GROUP II ACTIVITIES and THE HNMRF

The Rapporteur of ICAD CAEP Working Group II (1983-1986), Dr. Johm 0. Powers,
provided the followlng synopsis of WG IL and HNMRP activities in his report to
CAEP/1l {(June 1986) (Ref 3). (Dr. John O. Powers retired as the Chief
Selentist of the US FAA, Office of Enviromnment and Energy in January of 1987.)

"Working Group Il was established under the Committee on Aviation
Environmental Protection (CAEP) to comsider (along with other topies) the
further development of noise standards for helicopters during the Seventh
Meeting of the Committee on Adircraft Woise (CAN)(in 1983). The Working
Group responded with the establishment (of a program) dealing with possible
refinements of the ICAQO Anpex 16, Chapter 8 Helicopter Noilse Standards....

"The first Working Group meeting was held on October 26-28, 1983, in
Amsterdam, The Netherlands. During the meeting, Working Group members
recognized and addressed the complexity and implications of conducting a
helicopter nolse repeatabllity test program. After & review of the
potential difficulties, the Group declded that such a program would provide
broad experience and an opportunity to evaluate the problems which could
arise during the implementation of the Annex 16, Chapter 8 Helicopter Noise
Standards....

"The second meeting of the Working Group was held in Boston, Massachusetts,
USA, May 21-23, 1984.... The discussions... related to the helicopter
program, predominantly addressed the structured repeatability test program
and noise abatement operational procedures.... It was reported during the
meeting that seven member nations were actively participating in the
helicopter noise repeatsbility program. (After the meeting the number of
participating nations increased to nine.) Many unique measurement
techniques were discussed and early indications implied that meaningful
recommendations would result from the program for presentation te CAEP/1....

"Working Group II held its third meeting in Tokyo, Japan, March 25-27,
1985.... (At that meeting the status of the HNMRP) was reviewed and specific
recommendatione, were either accepted or tentatively accepted dealing with
takeoff flight-path definition, overilight airspeeds, maximum operational
rotor speed, atmospheric absorption adjustments for takeofif, generalized
source nolse adjustments, and specifications for data analysis systems....
Plans were made...for a Helicopter Noise Measurement Repeatability Program
(HEMRP) subgroup meeting for final amalysis of test results and formulation
of additional Chapter 8 recommendations...."

The last meeting of Working Group II prior to CAEP/I1 was held in Ottawa,
Canada, October 9-11, 1985. At this meeting a report was presented by the
HNMRP Program Coordinator detailing the findings of the HNMRP Subgroup from
their "Program Evaluation Meeting" (in Washington, DC, USA, October 1-4,
1985). Several additional Chapter 8 modifications proposed by the HNMRP




Subgroup were included in the Working Group II report to CAEP.

In addition to the HNMRP subgroup meeting held in Washington DC, another HNMRP
evaluation meeting was held in Paris, France (April 2] to 25, 1986). This
meeting was held to finalize regulatory language for the proposed amendments
and refinements to the ICAD international helicopter noise certification
standards.

The work of the HNMRP and Working Group II reached a significant milestone at
the meeting of the first full ICAO Committee on Aviation Environmental
Protection (CAEP/1) meeting, in Montreal, Canada during Jume of 1986. At that
meeting the recommendations of Workimg Group II (based on Paris HNMRP
agreements) were agreed to as proposed amendments to the international
standard.

2.3 PROGRAM REFERENCE DOCUMENTATION

In this section the primary HNMRF source documentation is listed. These
documents are highlighted here, in the text of the report, since they played
such an important role in the program. The HNMRP was conducted in accordance
with the procedures set out in these documents.

Al]l of the source documentation material discussed here are also formally
referenced in the customary manner immediately prior to the appendices.

1} Test Plan for the ICAQ Helicopter Noise Measurement Repeatability
Program, November 1983, Revised December 15, 1983. (Ref 4)

2) Helicopter Noise Measurement Repeatability Program Mid-Program Review
Advance Phases Protocol, October 1, 1984. (Ref 3)

While general test program provisions were specified in the references cited
above, the ultimate reference and focus of the program was the following
document:

3) ICAD Annex 16 (Ref 6)

Within ICAD Annex 16, helicopter noise certification i1s addressed in Chapter
B, with many croses references to Appendices 2 and &.

Other valuable reference documents were:

4) Bell 206L-1 Long Ranger II Flight Manual, Bell Helicopter Textron,
May 18, 1978. (Ref 7)

3) ICAD Working Group II Background Information Paper on Agenda Item 34,
Compendium of Comments on Test Plan, May 1984 (presented by the US
representative). (Ref 8)

6) "An Examination of Test to Test Variability for the Al09-A Helicopter
Using ICAO Anmex 16 Woise Certification Procedures", ICAO Committee on
Adrcraft Noise (CAN) Working Group B, joint German, Italian, U.5.
member paper, January 1983. (Ref 2)



The formal reference section, just prior to the appendices, includes a more
extensive list of HNMRP references and is subdivided into four parts: General
References, Participants' Submittals, HNMRP Papers, and ICAO WG IT Meeting
Working and Background Information Papers.

2.4 REFERENCE CONDITIONS

The specific reference conditions to which data adjustments were to be made
were stated in the "HNMRP Mid Program Review" document. Those reference
values are repeated below:

Helicopter reference point -
For the HNMRP, the helicopter skid was the helicopter reference point
for photo altitude determinatiom.

Takeoff reference profile-
V¥ = 57 knots
Rate of climb = 463.3 meters per minute (1520 ft/min)
Climb angle = 15.26 degrees
Altitude over centerline center = 156.4 meters (513 ft)
CPA over centerline center = 150.9 meters (485 ft)
CPA to the sideline sites = 192 meters (630 ft)

Approach reference profile-
Reference approach over centerline center = 120 meters (394 ft)
Reference CPA over centerline center = 120 meters (394 ft)
Reference CPA to the sideline sites = 192 meters (630 ft)

Level flyover reference profile-
Reference altitude over centerlime center = 150 meters
(492 ft)
Reference CPA to the sideline sites = 212 meters (696 ft)




3.0 TEST PLAN

The HNMRP test plan was Intended to be a guideldine for the program
participants. Detailed below are the flight operations and other lmportant
information included in the test plan.

Many of the participants' flight test programs alsc included some flight
operations that were not mentioned in the test plan. These additional
operations are noted in this section as well as in Section 5.

Fid TEST HELICOPTERS: BELL MODELS 206L-1 and 206L-3

Partiecipants in the HNMRP had the option of testing either the Bell 206L-1
(Long Ranger II) or the Bell 206L-3 (Long Ranger III) helicopter. These
helicopters are considered acoustically identical, although, there are some
differences 1n installed power and performance. The Bell 206L-1 (or 206L-3)
helicopter was selected as the test vehiele because of its world wide
availability. Bell 206L-1 helicopters were used in all but the Japanese flight
test program, in which a 206L-3 was used.

There exist three basic models of the Bell 206 helicopter. The first wversionm,
referred to as the 206-1 Long Ranger, is the earliest production model and is
acoustically different (smaller tail rotor) from derivative models 206L-1 and
206L-3, Table 3.1.A is a summary of the prominent features each of the three
models.

In the Japanese test program, the takeoff mass of the Bell 206L-3 was adjusted
from 1882 Kg to 1796 Kg in order to achieve the same rate of climb as the Bell
206L-1. With this modification the takeoff reference altitudes of the two
hellicopters become, in theory, the same.

Figures 3.1.A and 3,1.B are schematic line diagrams of the Bell 206L-1 test
helicopter.

Figure 3.1.A




Table 3.1.A

BELL MODEL 206 "FAMILY" CHARACTERISTICS

Model Bell 206-L Bell 206L-1 Bell 206L-3
Common Name Long Ranger Long Ranger II Long Ranger III
Mass (Kg) 1814 1837 1796 ###%
Mass (Founds) 4000 4050 3960
Engine Allison 250-C20B Allison 250-C28B Allison 150-C30P
Installed HP A 500 650

Takeoff HP 420 435 435
Transmission HP 428 435 435

BRC (FPM) 1600 1520 1520

BRC (FPS) 26.67 25.33 25.33

BRC SP. Vy (Kt) 52 57 57

Vy (FPS) 87.78 96.22 96.22

BRC Climb Angle 17.68 15.26 15.26

ICAO T/0 Alt.(Meters) 179.41 156.46 156.46

ICAD T/0 Alt. (Feet) 588.61 513,32 513.32
Main Rotor RPM 394 394 394

Tail Rotor EPM 2550 2550 2550

Main Dia. (Meters) 11,28 11.28 11,28

Main Dia. (Feet) 37.01 37.01 37.01

Tail Dia. (Meters) 1.58 1.65 1.65

Tail Dia. (Feet) 5.17 5.42 5.42

Main R=Vel (FES) 763 763 763

Tail E-Vel (FPS) 692 722 722

VNE (Enots) 130 130 130

VNE (MPH) 150 150 150

VNE (Km/Hr) 241 241 241

NOTE: VNE = VH; (.45 VNE) + 65 = 123 knots; and (.9 VNE) = 117 knots.
{.9 VNE) = 117 knots is the value specified as the reference speed for
the HNMRP level flyover test.

#%% TFor test purposes the takeoff mass of the Bell 206L-3 was adjusted from
1882 Kg to 1796 Eg in order to achieve the same rate of climb as the
Bell 206L-1.

REFERENCE: Bell Helicopter rotorcraft flight manual information via a
telephone~-conference with Bell Helicopter.




Figure 3.1.B
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3.2 CORE FLIGHT OPERATIONS

The following operations are the ICAO Annex 16 noise certification reference
procedures (Chapter B, Section 8.6). Participants were requested to include
these operations in their flight programs. It was also requested that six
"good" runs be acquired for each operatiom.

3.2.1 PFlyover Test Series

The overflight reference procedure, as stated in ICAD Annex 16, Chapter B,
Section 8.6.3, is as follows:

a) the helicopter shall be stabilized in lewvel flight overhead the flight
path reference point at a height of 150 meters (492 ft);

b) a speed of 0.9 VH or 0.9 VNE or 0.45 VH + 120 km/h (0.45 VH + 65 kt) or
0.45 VNE + 120 lm/h (0.45 VNE + 65 kt), whichever is the least, shall



be maintained throughout the overflight reference procedure;

(Note: VH is the maximum speed in level flight at power not exceeding
maximum continucus power. VNE 1s the never exceed speed.)

e) the overflight shall be made with the rotor speed stabilized at the
maximum normal operating rpm certificated for level flight;

d) the hellcopter shall be In cruise configuration; and

e) the mass of the helicopter shall be the maximum takeoff mass at which
noise certification is requested.

The reference alrspeed selected for the level flyover operation was 117 knots,
which is 0.9 Vh,

This flvover operation is depicted graphically in Figure 3.2.A.

Figure 3.2.A
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3.2.2 Takeoff Test Series

The takeoff reference flight procedure, as stated in ICAQ Annex 16, Chapter &,
Section B.6.2, 1s as follows:

a)

b)

o)

d)

e)

the helicopter shall be stabilized at the maximum take-off power and at
the best rate of climb along & path starting from a point located 500 m
forward of the flight path reference point, at 20 m (65 ft) above the
ground;

the best rate of climb speed Vy, or the lowest approved speed for the
climb after take-off, whichever is the greater, shall be maintained
throughout the take-off reference procedure;

the steady climb shall be made with the rotor =peed stabilized at the
maximm normal operating rpm certificated for take-off;

a constant take-off configuration selected by the applicant shall be
maintained throughout the take—off reference procedure except that the
landing gear may be retracted; and

the mass of the helicopter shall be the maximum take-off mass at which
noise certification is requested,

The pilots were asked to anticipate the rotation marker and apply maximum
takeoff power early so that the helicopter would intercept a direct climb
path, projecting from the 500 meter rotation point, 20 meters above the
ground.

This takeoff operation is graphically depicted in Figure 3.2.B.
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3.2.3 Approach Test Series

The approach reference procedure, as stated in ICAO Annex 16, Chapter 8,
Section 8.6.4, is as follows:

a) the helicopter shall be stabilized and following a 6 degree approach
path;

b) the approach shall be made at a stabilized airspeed equal to the best
rate of climb speed Vy, or the lowest approved speed for the approach,
whichever is the greater, with power stabilized during the approach and
over the flight path reference point, and continued to a mormal
touchdown;

c) the approach shall be made with the rotor speed stabilized at the
maximum normal operating rpm certificated for approach;

d) the constant approach configuration used in airworthiness certification
tests, with the landing gear extended, shall be maintained throughout

the approach reference procedure; and

e) the mass of the helicopter at touchdown shall be the maximum landing
mass at which noise certificatdon is requested.

An airspeed of 57 knots was established as Vy for approach operations.

This approach operation is graphiecally depicted in Figure 3.2.C.

Figure 3.2.C
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3.3 ELECTIVE OPERATIONS

The following operations were conducted at the option of the participants.
Some of these test scenarlos were delimeated in the test plan, while others
were selected by the test participants for the enhancement of their own
programs.

3.3.1 Higher Altitude Level Flyover Operations

In some programs additional flyover tests were conducted at 250, 300, and
350 meters following the procedures cotherwlse detailed for the certification
flyover test.

3.3.2 GSpeed Trials

Additional flyover test series were conductad at a variety of airspeeds (57,
83, 91, 94, 98, 104, 105, 110, 118, and 130 knots) following the procedures
otherwise detailed for the certification flyvover test.

3.3.3 BPBell Recommended Approach

This cperation was conducted following a procedure developed by Bell
Helicopter:

L= Commence approach from a level flight altitude of 750 feet AGL (above
ground level). Follow a descent profile as 1f to land at the reference
6 degree target point, such that the central microphone is overflown at
400 feet AGL. Terminate the descent at 100 feet AGL.

“2h Start descent at 80 to 100 knots and reduce collective piteh to 10 to
20% maln rotor torque.

3 Bleed off airspesd during the descent down to an altitude of 200 to
300 feet.

Note: The reduction in collective pitch to the 10 to 207 torque range will
result in a higher than normal rate of descent. To offset this higher rate of
descent, if desired, the approach may be started at 10 to 20% torque. This
procedure should be practiced so that the pilot familiarizes himself with the
variation in colleetive and cyelic controls necessary to tune put the main
rotor's impulsive sound,

Presented in Section 8.2.6 is an analysis of Bell approach data versus ICAO 6
degree approach data,
3.3.4 Six Degree Approach - No Guidance

This operation was intended to evaluate the potential problem of "over
controlling" when following visual and verbal flight path guidance inputs.

The target operational procedures established in the US/Canadian program were
ag follows:

L EC




L. Maintain a stabllized rate of descent of 600 feet per minute.
2 Stabilize airspeed at Vy (57 knets).

Ba Stabilize rotor speed at maximum (top of green arc) normal operating
RPM (394 RPM).

4. Commence the descent at 750 feet AGL., Proceed with 6 degree descent
such that the central microphone is overflown at 400 feet AGL.
Continue down to 100 feet AGL.

Results from the six degree approach - no guidance operations are compared to
the ICAD six degree approach resulte in Section B8.2.5.

3.3.5 Core Repeated by a Second Pilot

In several of the programs, the core test program was conducted by two
different pilots. This established the means to assess the influence of pilot
technique., This comparison is discussed in Section B8.2.2.

3.3.6 ICAD Takeoff Varlations

ICAD takeoff verlation operations were flown in two of the flight test
programs. In the French/Italian test an "early rotation" operation was tested
and in the Japanese test a "power climb" as well as an early rotation
operation were included.

3,3.7 Other Approach Operations

A variety of approach operations were included in the varicous flight test
programs. These not previously mentioned are:

Six degree Vy + 20 Nine degree Vy Twelve degree Vy
Six degree Vy - 20 Hine degree Vy + 20
Six degree Vy — 17 Nine degree Vy - 17

The results of some of these operations are examined in Sectiom 8.2.6.
3.3.8 Static Operatiomns

The static operational test series described below were intended to provide a
test-to-test check on the similarity in acoustical emissilon characteristics
with the effects of: pilot technique, forward flight, winds aloft, and
propagation path anomalies removed.

During all static operations the helicopter was positioned at a designated
point on a runway or taxiway. The measurement teams recorded a one minute (or
longer) sample of sound for each of the eight directivity angles.

The acoustical emission angle convention for the HNMRF test was glven as: zero
degrees at the nose, 90 degrees off of the right side, 180 degrees at the
tail, and 270 degrees off of the left side of the helicopter. Figure 3.3.A is
a2 diagram of the acoustical emission angle convention.
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Figure 3.3.A
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The eight directivity angles were intended to provide an additional check on
the helicopter source characteristies by allowing a direct comparison of
directivity patterns. The requested 60 second sampling period was intended,
in part, to smooth out effects of micro-meteorology.

Participants were encouraged, 1f possible, to include a second measurement
gite for all static operations conducted, the first site being located 150 m
away from the helicopter over a hard propagation path. This second site was
to be located 150 m away from the helicopter over a soft propagation path.

3.3.8.1 Static Flight Idle

For the static flight idle operation, the helicopter skids are on the pground
and the rotor RPM is stabllized throughout the recording period at 100 percent
RPM. The results of the static flight 1dle test series are discusszed in
Section B.2.9,

3.3.8.2 Static Ground Idle

The static ground idle test target procedures are the same as those followed
in the static flight idle, except that the target RFM is 67 percent.
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3.3.8.3 Static Hover-In—-Ground-Effect

The static hover-in-ground-effect (HIGE) test series is conducted such that
the skid height is five feet above ground level (see Figure 3.3.B). All other
target procedures are the same as for the flight idle static operatioms.

Figure 3.3.B
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3.4 DATA ANALYSIS BYSTEM CALTIBRATICN TEST TAPE

Inclusion of data analysis system calibration test tapes in the HNMRP came as
an outgrowth of an earlier ICAQC CAN WG B program. Im 1980 and 1981, an
international "round-robin" helicopter nolse analysls program was conducted
(ref 1) which performed a quantitative comparison of data reduction and
analyele systems using analog tapes of helicopter noise. The program found
that, on average, organization to organization differences were small. In the
context of the repeatability program, however, analysis system test tapes were
used to attempt to prepare a normalization process which would compensate, to
the greatest extent possible, for the known (or knowable) sources of data
reduction and analysis system variation. With this in mind, system comparison
tapes were devised along the lines of the "round-robin" program tapes.

Identical test tapes were prepared by the US Department of Transportation
(DOT} Transportation Systems Center (TSC). All of the tapes were recorded on
a Nagra IV-SJ instrumentation tape recorder at a speed of 19 cps, and
contalned helicopter noise data and reference signals. Noise data were
recorded on both channels | and 2, and an IRIG-B time code sipgnal was recorded
on the cue track.

The helicopter noise data on the tapes were measured at 2 centerlime-

center microphone location and had been modified by accentuating the high
frequencies and by adding artificial high frequency noise to ensure a good
signal-to-noise ratic from 10-dB-down-point to 10-dB-down-point. After
analysis on the US system, the calibration tapes were distributed and analyzed
by the ten laboratories participating in the program. The findings and
results of these analyses are presented in Section 9.12.
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4.0 IMPLEMENTATION OF THE PROGRAM PLAN: TECHNICAL ISSUES AND DISCUSSIONS

The following section addresses a cross section of practical concerns,
identified during the HNMRP, which arise when an individual or an organization
actually goes into the field to implement a flight test program. As such,
this section provides an excellent starting point for future ICAO efforts to
develop a technical manual or guidance document for the implementation of the
Annex 16 noise certification standards.

This section is organized by subject areas, pulling together information from
the HNMRP test plan and combining it with comments and suggestions which were
put forth by the program participants. These discussions include comments
from the program test planning period and specifically detail noise
certification test program implementation and data reduction concerns.

4.1 GROUND SURFACE CHARACTERISTICS

Within the context of noise measurement repeatability, the question of ground
surface characteristics has in the past been cited as a possible source of
variability. This issue was addressed by the HNMRP by each team deploying a
ground plane microphone at the centerline-—center measurement site to
complement the l.2-meter microphone. (The data from these ground microphones
are compared to the l.Z? meter microphone data in Section 8.2,.8).

The observed differences in the noise levels between the microphomes provide a
measure of the impedance characterizing the ground surface. The difference,
between the value measured at the ground and the value measured at the 1.2
meter microphone level,—-—at a fixed incldence angle—should be a2 qualitative
indication of the acoustic reflective properties of the ground surface.

One participant, however, commented that the difference (ground minus 1.2
meter) could be misleading: "It was observed that the difference depended
heavily upon the frequencies at which the tones were generated, as well as
upon the ground surface Impadance,"

In response to this observation it should be noted that the object of
assessing the differences between the 1.2 meter and the ground microphone
sound levels is explieitly to quantify the aggregate influences of surface
impedance and source spectral content. The object 1s not to suppress these
effects, but to "let them operate," thereby documenting (to a degree) the test
site impedance characteristics.

b2 TRACKING

It was specified in the test plan that each test use a tracking system capable
of providing time-coded helicopter position informationm. It was also
recommended that ground speed and elimb and descent angles be identified for
each event as an analytical aid.

When sophisticated continuous tracking systems prove to be unavailable the
following two suggestions were proposed.
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1. Equip the test helicopter with a radar altimeter (much more accurate
than standard barometric altimeter).

2. Utilize photographic scaling techniques to quantify the helicopter
altitude at three sites along ground track,

The specific tracking systems used in each test program are identified in
Section 5.

4.2.1 Photo Scaling

For the HNMRP, skid width—--rather than rotor diameter—-was taken to be the
helicopter reference position for phote scaling. Previous experience has
shown that the combined effects of the rotor blade conning and the rotor
tilting create a foreshortened image of the rotor diameter. BReferencing the
skid width eliminates this problem.

For those using photo-scaling techniques, it was recommended that an
electronic slgnal, activated by a camera shutter (or other) mechanism, be
noted on the cue or auxiliary channel of the relevant acoustical recorder.
This signal, assuming a constant airspeed, permits precise calculation of the
PHLTm noise record.

When the electronie shutter signal technique was not used, the angle of the
helicopter position at the time of FNLTm was assumed.

4.3 COCKPIT INSTRUMENT READINGS

The test plan specified that some method be used to record the flight
instrument readings for each event. Targeted parameters specified were:
torque, indicated airspeed, rotor RPFM, rate of climb or descent, time over the
centerline-center site, and the radar altimeter reading (barometric altitude,
if no radar).

Given time and space limitations for this report, and the irregular reporting
of this information, the cockpit observer's log datz have not been examined
and are not ineluded in this report. These data, however, do provide a
possible stepping stone for future studies concerning variations in the multi-
nation results,

Gd.d WIND DATA

At the outset of the program, it was suggested that i1f possible wind data at
the test flight altitudes be acquired to supplement the usual 10 meter (33
foot) temperature and relative humidity readings. Recommended wind data
acquisition techniques ineluded tethered balloons, meteorological radiosondes,
or acoustical socunding devices.

It was further recommended that temperature, relative humidity, wind speed,

and wind direction data be acquired at increments of 30.5 meters (100 ft)
between the ground and an altitude of 305 meters (1000 ft) above the ground.
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Concerning wind conditions, one program participant commented that testing
should be carried out at low wind speeds and suggested that speeific limits
should be defined. "Assuming that pilots maintain the correct air speed and
glide slope during the approach, head winds will reduce the rate of descent
with possible marked changes in the noise characteristies. The effect of both
wind speed and direction will, however, vary with helicopter type and we would
suggest that sultable limits be recommended."

The concern that wind be as low as possible was strongly shared among the
participants; a maximum of 5 knots (total wind vector) was thus, for the
purposed of the HNMRP, taken to be an acceptable limit. Although current
authorities have not agreed on a "magic number" for minimum wind speed, 5
knots was used in the program because it is generally given as the maximum
gpeed for "light and variable" wind conditions.

4.5 APPROACH GUIDANCE

The use of a Visual Approach Slope Indicator (VASI), Precision Approach Path
Indicator (PAPI), or equivalent was recommended for use in assisting approach
operations.

One participant commented:

"In our experience, attempts by the pilot to fly down a very narrow PAPI
beam produce a continuously varying rate of descent. Thus, while the mean
flight path is maintained within 2 reasonable degree of test preciesion, the
rate of descent (an important parameter connected with blade/vortex
interactions) at any instant in time may vary much more than during
operational flying. It is believed that in certain circumstances, precision
visual guidance systems may exacerbate blade slap problems and would suggest
that each organization should carry out approaches with and without visual
guidance."”

Following this suggestion and previous concerns, it was recommended to all
participants that they include in their programs an approach operation
conducted entirely "on instruments." During this operation the rate of
descent and airspeed were monitored in order to achieve the reference approach
path,

4s discussed in later sections of this report, guldance technique was not seen
as a significant factor in noise level variability for the particular test
helicopter.

4.6 STATE OF MATINTENANCE

As an additional test design control, it was recommended that the participants
document the general condition of the test aircraft and determine the time
since its last overhaul. It was considered plausible that differences in
overhaul status could influence resulting nolse levele,
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4.7 DATA ACQUISITION SYSTEMS

The test plan provided general guldance with respect to measurement hardware.
In Section 5 of thie report the equipment used by each test team is discussed
in detail.

4.8 ANATYSTIS SYSTEM TIME CONSTANT
During the initial program planning period, one participant commented:

"I do not accept that (as stated in the HNMRP test plan) 'strict adherence
to IEC-179, -161, -225, and -65]1 requirements ....' will necessarily ensure
that the results will be free from hardware bias errors. WHL have presented
(UK WPl0, May 1981, Bef.A) results of tests showing that the presence of
impulsive signals does introduce hardware related variability. These
findings were confirmed by further tests carried out on three types of
analyzers... (UK WP2, December 1981, Ref.B) and...(US letter report DOT-TSC-
FA-253-LE-Z, October 1981. Ref.C). For whatever reason, WHL have obtained
differences of more than 0.5 EPNdB when analyzing the same tape recording on
GEN RAD 1995 and 1921 machines. In the context of the proposed tests, I
suggest that we should at least acknowledge a potential source of hardware
variability and make due allowance in the interpretation of the results."”
(Ref 9},

The issue of system dynamic response was subsequently pursued by the HNMEF.

Participants using the GEN RAD 1995 were henceforth requested to use the
"l-gecond exponential integration' setting, and those using the B&K 2131 to
select the "2-second exponential averaging"” setting each equivalent to a slow
exponential dynamiec response. In the case where a linear detection is
utilized, participants were also requested to employ a weighted moving window
function designed to achieve a response closely duplicating that of the slow
exponential.

Refinements to Annex 16 concerning this issue are discussed in Section 6.5.1.

4.9 ADVANCING BLADE TIP MACH NUMBER COREECTION
In accordance with Annex 16, the HNMRP test plan gtated that participants
should apply the "Delta 3" advancing blade tip Mach number correction to level

flyover data. The procedure to implement airspeed-temperature source noise
adjustments was outlined as follows:

a. Develop a function of PNLTM versus advancing blade tip Mach number.

b. Plot the noise data and determine a best curve fit function to the
data.

e, Use the local slope of the function to correct all data back to the
reference ailrspeed and temperature.
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4.10 SPECTRAL TRREGULARITIES

Participants were reminded that tone corrections are to be computed using the
acoustical spectrum extending from 50 Hertz (band 17 low edge) to 11,200 Hertz
(band 40 edge) in accordance with ICAD Annex 16, Appendix 4, Sections 4.3 and
4.4, The initiation of the tone correction procedure at a lower frequency
reflects recognition of the strong low frequency tonal content of the
helicopter noise.

4,11  SPECTRAL SHAPING

Spectral shaping techniques were reviewed in the Mid-Program Review document
as follows:

In the event that the signal to noise ratio in a given one-third octave
band is less than 3 dB, the band SPL is sald to be masked. In this case
it is necessary to implement the spectrum normalization procedure set out
in the CAN Seven, Report on Agenda Item 3, pages 3-53 and 3-54 (Ref 10).
In the event that tracking or meteorological data are unavailable, it is
recommended that a slope of 3 dB per one~third octave be utilized.

This value (3 dB per one-third octave) was based on examination of preliminary
206L-1 data acquired in the US/Canadian test program.

4,12 STATIC TESTING

Static tests were included in the HNMRP test plan because static operations
are typically encountered in heliport operations. The HNMRP imposed 60 second
sampling period (discussed in Section 4.12) was requested in an effort to
acquire a representative measure of the acoustical source characteristics-—-
including random temporal variatiom.

Concerning the static test, one participant expressed concern that "Noise
levels measured during hover, particularly at very low altitudes can vary
tremendously-—-15 dB(A)--in a single 30 second period." In response to this
concern it was recommended that the 60-second samples be broken down into
?-second sample periods and the LEQ be calculated for each 2-second sample.
This additional measure will tend to identify source wvariability and provide
another figure of merit for test-to-test comparisons.

The multi-nation comparison of static data is discussed in Section 8.2.9.
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5.0 INDIVIDUAL TEST PROGRAM SUMMARIES

Independent programs were conducted by Australia and Japan, while joint
programs were conducted by: France DGAC Service Technique de la Navigation
derienne (STNA), France Aerospatiale and Italy; the United Kingdom (UE) and
the Federal Republic of Germany (FRG); and the United States (US) and Canada.
(In the listing of joint programs, the host team is listed first.)

Where possible, excerpts have been taken directly from participants' reports.
Deseriptions of equipment and processes utilized by each team have been
included, in as much detail as possible, sc that readers planning tests will
benefit from the experience of the HNMRP participants. (The reports have not
been reproduced in theilr entirety for space conservation purposes.)

In all tests problems do arise. Some of those problems are described in the
following sections for the benefit of anyone planning a similar test and for
those planning further analyses with the HNMRP data. The following
participant test summaries canncot, however, totally replace the participants'
reports for conducting in depth examination of HNMEP data.

In regards to future analyses with HNMRP data, a GREAT deal of care must be
taken when examining data in the individual partieipants' reports. Each
participant submitted a number of different papers and reports. Some of these
reports present only as measured data, some concern only a portion of their
program, and some include data revisions. As such, the most current data set
for each participant is not necessarily in their most recent submission, A
list of the participants' submittals can be found in the reference section of
this report, just prior to the appendices.

In preparing this report the HNMEP Program Coordinator's Staff has gone to
great lengths to actempt to get all of the numbers right. However, given the
number of reports submitted, the variety of different reportimg formats,
language barriers, and numerous other prcoblems there may vet be errors.

Below is5 a summary table of the HEMRP, Table 5.0.A. Included in the table is
a list of those who participated in the HNMRP, both certificating authorities
and manufacturers. This list includes Brazil which acquired certification
experience by performing a practice noise test, but was unable to participate
in a full repeatability noise test program.




Table 5.0.A

ICAO HELTICOFTER NOISE MEASUREMENT REPEATABILITY PROGRAM
NATIONS WHICH ACQUIRED CERTIFICATION EXPERIENCE:

AUSTRALIA

BRAZTL

CANADA

FRANCE

FEDERAL REPUBLIC OF GERMANY
ITALY

JAPAN

UNITED KINGDOM

UNITED STATES

NOISE MEASUREMENT - FLIGHT TEST PROGRAMS CONDUCTED (in chronological order):

July 2- 6, 1984 UHITED EINGDOM - FEDERAT. REPUBLIC OF GERMANY
August 27-29, 1984 UNITED STATES - CANADA

September 13-14, 1984 AUSTRALIA

October 16-17, 1984 FRANCE STNA - FRANCE AEROSPATTALE - ITALY
December 1- 2, 1984 JAPAN

AIRCRAFT & HELICOPTER MANUFACTURERS WHO PARTICIPATED IN TESTING & EVALUATION:

AEROSPATIALE

AGUSTA

BELL TEXTROR

BRITISH AEROSFACE

DE HAVILAND OF CANADA
FAWASART

SIKORSKY

WESTLAND

TOTAL NUMBER OF FLIGHT TEST RUNS CONDUCTED: 529
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5.1 AUSTRALTAN TEST PROGRAM

The Australian test program was conducted by the Australian Department of
Aviation, Alrways Division at Mangalore Airfield in Vietoria, Australiz on the
13th and 14th of September 1984. Mangalore is approximately 100 km north of
Melbourne. Taking intc account their geographical location, the Australians
found it impractieal to arrange for a joint program with another nation.

5.1.1 Weather

Since the tests were scheduled for the end of the Australian winter, suitable
weather was a very important concern. The 13th, however, proved to be a fine,
stil]l morning with no frost, light winds and little cloud cover. The
following test day was calm and significantly colder, with visible ground
frost. That day there was a delay, however, to allow the temperature to
stabilize as the frost melted. All in all, the weather for the tests was fine
and sunny.

5.1.2 Operations

The Australian test program included the ICAO certifiecation level flyover,
approach and takeoff as well as:

117 kts level flyover operations at 250 and 350m;
150m level flyover operations at 104 and 91 kts;
six degree approaches at 40 and 77 kts;

the Bell "Quiet" approach operation;

a gix degree approach without guidance; and

a static flight idle operation

5.1.,3 Pilot

Flight test operations were performed by a single test pilot.

5.1.4 Test Helicopter

The test helicopter used durlng the Australian test was a Bell 206L-1. Table
5.1.A 15 a summary of the information available concerning the particular
helicopter tested.

5.1.5 Test Site Array

The Australian flight operations test site array, shown in Fipure 5.1.A,
consisted of the three certification measurement sites and the additional
centerline site requested in the HNMRP test plan. For the static test there
were the two requested sites located 150m away from the hover site, one over a
hard propagation path, the other over a soft propagation path. The three
photographic sites were placed in line with the centerline path at 150m
intervals.
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Figure 5.1.A

Australian Test Site Array
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Table 5.1.A
Registration Number VH BJY
Serial Number 45387
Engine Allison 250-LZBB
Maintenance History
Engine 1482 hours
REotor hub 1482 hours
Rotor hub since overhaul 282 hours
Rotor 1482 hours
Transmission 1482 hours

5.1.6 Equipment
5.1.6.a Arcoustic Equipment

A dual microphone system was deployed by the sustralian team at their
centerline-center site. This equipment, shown in Figures 5.1.8 and 5.1.C,
sent 1.2 m microphone data to one track of the Nagra recorder and ground
microphone data to the other track. Single microphone systems were used at
all of the other noise measurement sites,

411 equipment used in the measurements was, whenever possible, calibrated and
was tested in accordance with ISO Standard 9891 or to standards referenced imn

150 3891, principally 1EC Standard 561.
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Australian Noise Measurement/Recording System Instrumentation

Microphone

BEAK 4134

Figure 5.1.B

Pre-amplifier
GH 1995 3410

Roal Time
Analyzer
GS 1895

Batiery

H.P. Filter

Amplifiar
B&K 2203

Pistonphone G.RO,
B&K 4420 Camera
Pink Molsa
Calibrator
IVIE -20B
Tape Recorder
MAGRA IV-5
Figure 5.1.C
Microphona
BAK 4134
Pra-amplifier
Nagra QJPA
Tape Recorder
Magra IV-3J
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Pre-amplifier
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Microphone
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Pra-amplifisr SLM
GR 1882 GR 1882
Pistonphone
BEK 4220
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GA 1562

Char
Rocorder
Rion




Sound level meters were tested in accordance with Australian Standard AS 1259-
1982 based on TIEC 651. The B&K type 2203 meters used were built to conform to
a previous standard (IEC 179) and were not able to strictly conform to the
detection requirements of IEC 651. The B&K 2204 meters failed to meet the
noise level requirements on the lowest scale. Since the tests were not
dependent on these functions of the instruments, the units were considered
satisfactory for the tests.

5.1.6.b Tracking Equipment

The tracking system used during the Australian test program, shown in Figure
5.1.D, was developed by the Australian Department of Aviation, Airways
Division Systems Branch and was composed entirely of existing Australian
Department of Aviation equipment. The optical electronic tracking eguipment
used in the system was oripinally developed to test Instrument Landing
Systems. As modified this equipment provided a readout of azimuth and
elevation angles at a rate of 20 samples per second. The unit can
electronically track a light mounted im the aircraft, however, during this
test program it was used in the manual mode.

Figure 5.1.D

Ausitralian Aircraft Tracking Sysiem

Ganaratar
Thrashold { ( bt cetd
Datactor { [ Intarface
Imtarcam
Alrcraft Mini Rangar I Computer Dual Floppy
Transponder Motorola HPF 85 Disc
Optical
Tracking
Equipmant
Chart
Recorder

For tracking, a small transponder unit {(part of the radar distance measuring
Mini Rapger IIL) wes placed in the aircraft and was powered by the aircraft's

28



auxiliary supply. This unit, uses a small external antenna on the aircraft to
transmit to a horn antenna on the receiver-transmitter-measuring unit located
at the tracking site.

A threshold detector was also used as part of the tracking system. Situated
at the centerline-center site, it put a short on the telephone line to the
tracking site when the aircraft passed through the vertical fan-shaped beam.
The time of this event was detected by the instrument at the tracking site and
recorded. The time over centerline-center was also independently available
from the distance measuring equipment at the tracking site.

5.1.6.¢c Photo Altitude Determination System

The tracking equipment desecribed above was an untried system with unknown
reliability in the field. It was therefore considered necessary to have a
fairly good back-up system. A photo-scaling system similar to the one

described in the US FAA reports on helicopter noise measurements was used.

S.li6.d Meteorological Equipment

The Australian Bureau of Meteorology was responsible for measuring atmospheric
conditions during the tests.

Continuous wind measurements were made throughout the trial period at a height
of 10 meters using a Lambrecht Woelfle anemograph. This gave a continuous
record of wind direction and wind run. Wind speed was derived from wind rua.

At ground level, one meter, measurements of temperature and humidity were also
taken.

Upper atmosphere data was obtained from instrumentation carried by a tethered
balloon which was reeled up and down between the ground and 300 meters.
Additional measurements up teo a height of 2000 meters were made using a radie
sonde. Both the tethered balloon and the radioc sonde were tracked with a
theodolite. The position of the tethered balloon was calculated from the
theodolite angles and the lemgth of tether line. The position of the
radiosonde was calculated from the theodolite angles and helght information
derived from the temperature and pressure records.

5.l.6.e Cockpit Data Documentation
A color video recorder and camera were used to record the instrument readings
on the pilots console during the tests. The camera was 2 normal commercial

unit with a built-in timer which was used to synchronize the helicopter
instrument readings with the tracking and noise measurement results.

5.1.7 MNoise Data Reduction

The initial analysis of the Australian acoustic tapes was carried out on a
system which consisted of: a GR 1925 Multifilter, a GR 1926 Multichannel RMS
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Detector and a PDP1l computer. This system, however, failed several times, so
an alternative system was developed using a GR1995 real time analyzer and a
Hewlett Packard HP85 computer. Unfortunately, this second system gave EPNL
values approximately 1dB lower than the initial system.

While investigating the cause of the discrepancy between the two systems, the
iInitial system was restored. It was decided to continue the analysis on the
initial system in the hopes that the analysis would basically remain valid and
a correctlon factor could be applied if it was found to be in error.

Fortunately, before the next failure of the initial system occurred the
normalization test tapes from the HNMRF program coordinator were znalyzed.

The results of this analysis confirmed the differences between the two systems
and it was concluded that the fault lay with the initial system. Subsequently,
the final Australian data set was obtained using the GR1995/HFB5 system.

5.1.8 Final Data Summary

The data in the "Australian Final Data Summary Table" (Table 5.1.B) came from
the April 1986 Australian Submittal with the exception of the Tone Correction
Values which came from the Australian June 1986 Telex. The three microphone
average was calculated for all metrics and operations by the Program
Coordinator's Staff using individual event data reported in the April 1986
Submittal.
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Table 5.1.B

FIHaL CORRECTED RUSTRALIAN DATA

LEFT  'CENTER RIBHT  3IMIC STD.BEV, 90X [I

AFFROACH

EFHL 87.44 7382 9141 70,92 0.98 0.6t
PhLTa Bo.47  9.ER 9139 50.57 111 0:74
Ale 71,95 Bo.B0.  77.%% 76.92 | P! 0,74
SEL R WA WA A K& hh

LEVEL FLYDVER

EPHL BE.82  BY.EY  CBT.42 EB.&S 0.72 039
FNLTe 90.06 92200 BE30 B0.23 0,481 0.3
Ale T5.58 IR 47 7524 .54 {31
SEL i i ké hh NA& KA
TRREOFF

EFHE 87.89  B%.5F BI.65  BEL3D 0.39 017
FiLTa 8B.%7  90.1%  BE.ZL  BY.IB 0.48 0.24
Ala 1592 73.50 78,18 74.58 0.a2 .27
SEL h A lig e A KA
DURATION P

APFROACH 3560 22.19 2450

LEYEL FLYGVER  20.86 14,77 2118

TAREDFF .44 17.660 2504

DURATION A

AFPROACH 838 HAE 3L

LEVEL FLYOVER  22.5%  15.04 24000

TAKEDFF 20.0%  Zl.EE  I5.E4

TONE CORREETION VALLE

APPROACH 1.54 0.9 1.45

LEVEL FLYOVER 1.33 1.54 1.47

TRREDFF 293 2.0 .47

TONE CORRECTION BAND N

HAY KOY BANDS h

STATIC FLIGHT IDLE

0 43 9 135 Lad 2l 270 315
HARD

72,2 72,00 74,50 7R.20 HA HA N# ith
SOFT

bb.B 70,80 67.00 63,80  £4,80 6420 TO.20 T2

DATA CANC FROM THE APREL 1984 FARTICIPANT SUBNITTAL WITH THE EXCEFTION
OF THE TONE EBRRECTION VALUES WHICH CAME FROM A JUNE 1985 TELEX,

THE 3 MIC AVERAGE WAS CALCULATED FOR ALL METRICS &ND OPERATIONS BY THE
PLE USING INDIVIDUAL EVENT DATA REPORTED IM THE APRIL 17B& SUBMITTAL.
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5.2 JAPANESE TEST PROGRAM

The Japanese flight tests took place on the lst and 2nd of December, 1984 at
Utsunomiya Airport, 100 km north of Tokyo. The program was planned and
coordinated by the Aircraft Nuisance Prevention Association of Japan.

5.2.1 Weather

The weather was generally cloudy both test days, with temperatures ranging
from 7.8 to 14.9 degrees Celsius.

5.2.2 Operations

The Japanese flight test program consisted of 96 flights and 4 ground statie
noise measurements. Table 5.2.A 1s a list of the operations conducted.

Table 5.2.A

Japanese Test Program Flight Operations

Operation Pilot 1ID Operation Pilot 1D
ICAD Flyover A C1 ICAO Takeoff A Al
ICAD Flyover B c2 ICAD Takeoff B A2
ICAD Flvover Repeated A Dl ICAQ 6 Approach A Bl
ICAD Flyover Repeated B D2 ICAD 6 Approach B B2
0.8 Vne Flyover A Fl 6 degree Approach

0.7 Vne Flyover A Gl ¥o Guidance B E2
80m Vh Flyover A J1 Static Ground Idle K

B0m Vh Flyover B J2 Static Flight Idle L

300m Vh Flyover B HZ2

It should be noted that although the target flyover procedure called for 0.9
Vne (117 KIAS) and maximum continuous rpm (100Z), the helicopter speed during
the flyover operations were conducted at Maximum Continuous Power (857)
because the torque would have exceeded the airworthiness limitation (85%)
(which has no time limitation).

5.2.3 Pilots
The core test program was performed by two pillots. Pilot A had 6,240 hours of

flight time, while Pilot B had 1,810 hours. Included in Table 5.2.A are
notations as to which pilot performed each operatiom.

33




5.2.4 Test Helicopter

The Japanese test helicopter was a Bell 206L-3. The Japanese were the only
team to test the L-3 variation. Details of the particular helicopter tested
appear in Table 5.2.B. A comparison of the general specifications of the Rell
206L-1 and L-3 appears in Table 3.1.A. As discussed in Seetion 3.0, the two
helicopters are acoustically identical.

Before each event, the weight of the helicopter was adjusted to the speeified
weight (1,796 Kg #+ 57). During the flight test, fuel was supplied after each
100 Kg fuel consumption and at the same time the weight of the helicopter was

re-adjusted using ballast.
Table 5.2.B
HELICOPTER DETAILS

Helicopter Model Bell 206L-3

Registration Number JAG9361

Serial Number 51028

Engine Allisecn 250-C30F
Maintenance Status Cycle Time Since Last

Maintenance

Track & Balance of Rotor System 100 Hr X 1 4.10
Power Plant 100 Hr X 1 4.10
Rotor Hub 100 Hr X 1 4.10
Transmission 100 Hr X 1 4,10

Hours of Use (as of Dec. 1, 1984)

Power Plant 94:13
Body 0D9:12

5.2.5 Test Site Array

Figure 5.2.A is a diagram of the Japanese test site array. The ground surface
of the test area was generally flat and covered with short cropped grass.

Figure 5.2.A

==
SITE 5 R/ W19
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The acoustical measurement sites for flight operations consisted of three
centerline sites (5, 2 and 4) and two sideline sites (1 and 3). The
centerline-center site was equipped with a ground and a 1.2 m microphone.
Sideline site ] and centerline site 5 were each equipped with a single 1.2 m
microphone. Sideline site 3 and centerline site 4 were equipped with two 1.2
m microphones. (The microphone array and equipment used are discussed further
in Section 5.2.6.f.)

The test site array for static operations consisted of hard and soft
propagation path sites at a distance of 150 m from the hover site.

The takeoff rotation point was located 500m from the centerline-center site.
Visual cues to define the point were provided in the form of z red "X" and
white lines. To assist the pilots in maintaining the centerlime flight path,
red and white lines were also provided at various positions along the
centerline,

5.2.6 Equipment
5.2.6.a Approach Guidance System

To provide wvisual guidance during the approach operations, a standard Precise
Approach Path Indicator (PAPI) system was used. The PAPI was located 1,140m
from the centerline-center microphone position. Due to the short distance
from the PAPT lighte to the helicopter during the test, only two of the PAPI's
four standard light units were used. The two light units were located 2.5 m
to the left and right of the centerline. The pilots saw a red or a white
light depending on the helicopter's position. The system used provided
vertical displacement information within 20.25 degree of the reference
approach slope.

5.2.6.b Photo Altitude Determination System

The system used was in accordance with the standard photo altitude
determination systems used in the Australian HNMRP test and S FAA tests,

5.2.6.c Video Tracking System

Continuous tracking information was gathered using a video recording system
{shown in Figure 5.2.B) that employed two video cameras. The helicopter was
tracked by the cameras throughout each event and the relative helicopter
position was measured by angles of elevation and azimuth from the position of
each video camera unit. This information was recorded on a VIR tape at one-
second intervals.

Calibration of the tracking system was performed several times using a static
object of known height and distance. The accuracy of height was 21.0% and the
accuracy of location was *0.5Z to a distance of 500m. The reference position
was taken to be the center of helicopter cabin.




Figure 5.2.B

Japanese Video Tracker Instrumentation
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Helicopter instrument performance documentation was gathered during each event
using a video camera inside the helicopter to record the cockpit imstruments
and a calibrated watch.

5.2.6.e Mateorological Data Measurement Systems

Wind speed, wind direction, temperature and relative humidity were measured at
a height of 10 m above the ground.

Temperature and relative humidity data were measured from the helicopter while
it maintained level flight.

Upper air wind speed and wind direction data, from 100m to 300m AGL, were
measured by sondes. The wind speed/direction instrumentation (type PRS50TC)
was manufactured by Opasawara Instruments.

5.2 6.E Acoustical Measurement Instrumentation

The Japanese used RION Precision Integrating Sound Level Meters (PISLM) (types
NA-60/61 and NL-11) and Kudelski NAGRA IV SJ tape recorders. With both 1/2
inch diameter "free field type" condenser microphones were used. The Japanese
were obliged to use the "free field type' microphones because "pressure type"
microphones were not available in Japan. As a result, the microphone type and
their setting angles deviated from Annex 16 requirements.

In regards to this deviation, the Japanese sent the Frogram Coordinator one of
the RION systems, with "free field" microphone, to examine along with
background technical information.

The data concerning the RION system was examined by the Program Coordinator

and the system was subsequently tested along with two GenRad PISLMs with
"oressure type" microphones.
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Concerning normal versus grazing response wicrophone settings, the examination
showed that at frequencies below 100 Hz there is virtually no difference in
response of the EION NA-60 system regardless of the acoustical incidence
angle. For incidence angles t45 degrees to normal the examination showed the
correction factor remains zero for frequencies below 4000 Hz. At 90 and 270
degrees there may be a small correction (less than 1 dB) in the 3150 Hz region
which should be considered for the duration adiustment.

The examination further showed that considering microphone directiomal
response characteristics, the dominant SPL Bands in the Bell 206L-1 (L-3)
helicopter acoustical spectrum, and the angle of incidence for the acoustical
maximum, additional corrections are not necessary to compensate for
differences between the microphone used and microphones specified in Paragraph
3.2, Appendix 4, of ICAD Annex 16, Volume 1.

All of the acoustical measurement systems were calibrated by recording the
standard noise produced by a pistonphone (250 Hz, 114 dB) for 30 seconds.

This procedure was performed before the first flight and after the last flight
for each test day.

The Japanese nolse measurement instrumentation 1is shown in Figure 5.2.C.

Figure 5.2.C

Japanese Noise Measurement/Recording System Instrumentation
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5.2.7 HNoise Data Reduction

Reduction and correction of the recorded noise data was made in accordance
with Annex 16 (as amended at CAN/7) and the "HNMRP Mid-Program
Review-Advanced Phase Protocol" document.
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5.2.8 Final Data Summary

The data which appears in Table 5.2.C, the Japanese "Final Corrected Data

Summary," was derived from the Japanese May 1986 Participant Submittal.

The

only exception being the static data, which came from the Japanese September

1985 Report.

The three-microphone average for PNLTm approach, takeoff, and level flyover
was calculated by the program coordinator's staff using individual event data
Delta 3 corrections were applied by the
program coordinator staff to PHLTM level flyover data using individual event
data reported with the May 1986 EPNL data tables.

Table 5.2.C

reported in the May 1986 submittal.
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Oea French - Italian Test Program

The French - Italian test program was conducted on October 16th and 17th of
1984 at la Fare-les-0liviers aerodrome 40 Em northwest of Marignane, France.
The primary measurement teams participating in the program were Service
Technique de la Navigation Aerienne (STNA) and Aerospatiale from France, and
Costruzioni Aeronautiche G. Agusta from Italy. The US also deployed ome
microphone system at the centerline-center locationm.

5.3.1 Weather

For the certification events the temperature ranged from 17 to 18 degrees
Celsius, while the relative humidity ranged from 68 to 78.5 percent. For some
events, there was some difficulty with the wind exceeding the test plan
proposed limitations.

5.3.2 Operations

Table 5.3.A 1s a list of the operations conducted during the French-Italian
test program.

Table 5.3.A

ICAD Flyover 150m, 0.9Vh (l05kts) Approach 12 degrees
Flyover 150m, 0.8Vh (94kts) Approach 9 degrees
Flyover 150m, 0.7Vh (82.6kts) ICAQ Approach 6 degrees
Flyover 150m, Vh (11Bkts) Approach 6 degrees Vy-20
Flyover 150m, Vy (57kts) Approach 6 degrees Vy+20
Flyover 250m, 0.9 Vh (105kts) Static Flight Idle
ICAD Takeoff 500m Takeoff 600m

5.3.3 Pilot

Flight test operations were performed by a single test pilot.

5.3.4 Test Helicopter

The test helicopter was a Bell 206L-1 leased from la Societe Heli-Air-Monace
(registration number 3AM SX),.

5.3.5 Test 5ite Array

The test site array varied in number and location of sites depending on the
operation conducted. Figures 5.3.A, 5.3.B, and 5.3.C depict the test site
arrays for the takeoff, level flyover and 6 degree approach operations, as
presented in the Aerospatiale submittals. Throughout the program each of the
primary measurement teams operated measurement systems at the noise
certification sites.
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Figure 5.3.A
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The ground surface of the test site area was composed of sparse grass on a
clay base, which provided a very flat and homogeneous surface.

5.3.6 Joint Program Features
5.3.6.a Cockpit Data Documentation

Helicopter performance characteristics were documented during the French-
Italian test by use of a cockpit videotape system similar to those used in
other HNMRP flight test programs.

5.3.6.b Tracking System

Tracking data was acquired during the Fremch-Italian test by STNA using a
time-code-synchronized camera system composed of three cameras. The first
camera was positioned at the centerline-center site to give altitude (within 3
meterse). The second camera, located at the far end of flight path, monitored
deviation from the reference flight track by the operator shooting the picture
when the alreraft was orthogonal to the centerline-center site. The third
camera, essentially a photo-theodolite, was positioned on the sideline and
provided helicopter azimuth and elevation.

41




5¢3.6.c Meteorologlical Data Measurement Systems

During the French-Italdan flight test program a 10 meter meteorological tower
was used to measure: temperature, relative humidity, wind speed and wind
direction.

5.3.6.d Approach Guidance System

4 theodolite system was unsed during the tests for approach guidance.

5.3.7 Italian Test Team

Although the Italian Costruzioni Aeronautiche G. Agusta teasm was one of the
primary independent measurement teams, they had a serles of unfortunate
equipment failures which resulted in the loss of their independently acquired
nolse data, As such, Italian data does not appear in the analyses presented
in this report. They did, however, analyze a copy of the Aerospatiale noise
tapes. A comparison of the Aerospatiale and Agusta data reduction results
would be very interesting, providing insight into the data reduction and
processing differences between the Aerospatiale and Agusta laboratories.

5.3.8 Aerospatiale Test Team

The Aerospatiale team, while performing 211 of the ENMRP requirements,
included a variety of different enhancements in their test program. First of
all, they deployed several measurement systems where two separate microphones
fed data into a single Nagra recorder. Secondly, they deployed an additional
set of measurement sites (a centerline and two sideline sites) for the takeoff
and approach operations——see Figures 5.3.A and 5.3.B. Thirdly, they analyzed
their data by both the ICAO Annex 16 procedures and an alternative method.
This report presents only the data requested by the HNMRP. Examination of the
Aerospatiale enhancement exercises would be a very worthwhile future work
item.

5.3.8.8 Aerogpatiale Final Summary Data

Table 5.3.A is a presentation of the Aerospatiale final summary data. This
data was derived from a facsimile communication with Aerospatiale dated March
24, 1987 and from the April 1986 submittals.

5.3.8.b Aerosgpatiale Program Notes

The following are notes which the Aerospatiale requested be included in the
final HNMRP report.

The French-Italian ICAD 6 degree approach flights were performed under wind
conditions which exceeded the 5 kts maximum specified by the HNMRP. It is the
feeling of Aerospatiale that, "These weather conditions considerably disturbed
the paths followed and subsequently the pulse noise generation, which iz the
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characteristic feature of this phase of flight....If these approach phase
measurements had been made for a helicopter certification instead of an
acoustic repeatability program study, they would not have been presented by
Aderospatiale.”

They further went on to state, "We believe that the approach measurement
results obtained by Aerospatiale in 'outside standards' conditions for a
helicopter displaying particular characteristics in this flight phase cannot
be integrally included in the HNMRP comparisons without introducing in the
statistic study & variance that might alter the repeatability conclusions.
S50, in order to prevent the effects of these variations and to provide
measurement results representative of the ICAO reference conditions: 6 degree
slope, selection was made among all the available measurement points. Hence:
flights 100-101-103, microphones 1/2/3.,"

Concerning the Aerospatiale submittals: The April 1986 data submittals are a
complete presentation of as-measured data adjusted for ambient noise levels.
The "Summary Report" presents corrected data with an "average correction"
method. Aerospatiale Annex 16, Chapter 8, Appendix & corrected results are
unpublished, but were transmitted to the HNMRP Program Coordinator in a March
24, 1987 telex. For flyover and takeoff the 3-microphone average nolse levels
are the same for the Annex 16 correction and for the simplified method.

2.3.9 STNA Test Team

The STNA team deployed Nagra measurement systems at the certification test
sites. Recorded noise data reduction was made in compliance with the
procedures detailed in the HNMRF reference documentation.

Table 5.3.B is a presentation of the STNA final summary data as confirmed by a
November 26, 1986 telex.

5.3.10 Additional Information

The information used to prepare this chapter was derived from the STNA,

Aerospatiale, and Agusta participant submittals, as well as from an audio tape
made by the HNMEP Program Coordinator during the actual test.
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Table 5.3.B Table 5.3.C
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5.4 United Kingdom - Federal Republic of Germany Test Program

This section describes the joint United Kingdom / Federal Republic of Germany
(UK/FRG) noise measurement flight test program carried out between July 2nd
and 6th of 1984 at the British Aerospace Dunsfold Airfield in Surrey, England.

The overall UK/FRG program coordinator was from the UK Civil Aviation
Organization (CAA). UK involvement was funded by the UK Department of Trade
and Industry, and measurement teams were deployed by Westland Helicopters
Limited (WHL) and British Aerospace (Bie). FRG participation came from the
German Aerospace Research Establishment (DFVLR). The HNMRP pProgram-—
coordinator was also present during the flight tests.

5.4.1 Weather

The flight tests were carried out in exceptionally good weather conditions,
with sunny and warm weather throughout the test period. Cross winds during
the early part of the flight tests, however, often exceeded the permitted
range leading to asborted test runs. As a consequence, it was necessary to
shift the measuring sites to another runway location during the program.

5.4.2 Operations

Table 5.4.A is a list of the operations conducted during the UK/FRG flight
test program. Due to time constraints, the number of "good" flight events for
the elective flight operations was reduced to four. Each flight condition was
repeated a sufficient number of times to ensure the required 6 (or 4) "good",
i.e. valid, runs.

The UK team was unable to measure the Pilot 2 level flyover and approach
operations due to equipment problems.

It should alsc be noted that all of the level flyover tests series were
performed at an airspeed significantly lower than the target airspeed. Under
the prevailing conditions, the maximum speed in level flight VH (which is
equivalent to the "Never Exceed Speed" VNE for the subject helicopter) could
not be flown due to turbinme outlet temperature limitations. Therefore, it was
quite important to apply source nolse adjustments.

5.4.3 Pilots

The pilots flying the test operations were: Pilot 1 from the UK CAA and Pilot
2 from Air Hanson Ltd of Weybridge, Surrey, England.

5.4.4 Test Helicopter

The helicopter tested was a Bell 206L-1 from Air Hanson Limited of Weybridge,
Surrey, England,
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Table 5.4.A

UE-FRG FLIGHT TEST PROGEAM

I  PILOT OPERATTION ID PILOT OPERATION

Al 1 TAKEQOFF Vy Cl 1 6 DEGREE APPROACH Vy
A2 2 TAEEOFF Vy c2 2 6 DEGREE APFROACH Vy

Bl 1 FLYOVER 0.9 Vh J1 1 6 DEGREE AFFROACH Vy+20
B2 2 FLYOVER 0.9 Vh J2 2 6 DEGREE APPROACH Vy+20
F I FLYOVER 0.7 Vh Kl 1 6 DEGREE APPROACH Vy=17
iz 1 FLYOVER 0.8 Vh K2 2 & DEGREE APPROACH Vy-17
H I FLYOVER 0.9 Vh

5] | STATIC Pl 1 BELL REC, AFPFROACH

E 1 STATIC P2 2 BELL REC. APPROACH

L1 1 9 DEGREE APPROACH Vy RI 1 & DEG. APP. WO GUIDANCE
L2 2 9 DEGREE APPROACH Vy R2 2 6 DEG. APF. NO GUIDANCE
M1 1 9 DEGREE APPROACH Vy+20 Nl 1 9 DEGEREE AFPPROACH Vy-17
M2 2 9 DEGREE APPROACH Vy+20 N2 2 8 DEGREE APPROACH Vy-17

5.4.5 Test Site Array

The British Aerospace {BAe) airfield at Dunsfold, Surrey, England was selected
as the location for the field test. The airfield included one operational and
two unused runways, which allowed for five possible microphone array
variations. As mentiomed above, due to cross winds during the early part of
the flight test it was necessary to shift the test site array to avold
continued problems. The relationship of sites to one another, shown in the
general site array-—Figure 5.4.4, was basically held conmstant throughout the
test. (For takeoff and approach measurements site 4 was positloned at the low
altitude centerline position.)

Figure 5.4.A
Test Site Array

Flight Operations Acoustic Measurement Sits

Hover Paoint

Statlc Operation Acoustic Measurement Site
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Due to the number of measurement systems deployed, the layout around each
acoustical measurement site (particularly the central measurement site) had to
be carefully thought out such as to incorporate all of the different
microphone configurations and cameras. Each microphone system was generally
separated by a distance of 4 meters for the 1.2m microphones and 6 meters for
the ground microphones. Care was also necessary for a proper electric cabling
around each measurement site to accommodate the multi-channel FM system which
was deployed by the FRG team. (This system was operated and powered from a
central van and required long lengths of cables aecrose the airfield,)

Synchronization between the different measuring teams and positions was
provided by portable radios and referenced to IRIG B time standard.

5.4.6 Joint Program Features
S.4.06.a Cockpit Data Documentation

A requirement Introduced by the CAA, and strongly supported by the HNMEP
Program Coordinator, was to record the cockpit instrument readings, at a rate
of one-per-second, throughout each test flight. This requirement was
fulfilled by the WHL team using a Vinten Scientic l6mm cine camera and
associated equipment (operated from a 24 wolt DC battery power supply).
Figure 5.4.B is a schematic depiction of this system. The camera was mounted
on the cockpit fire extinguisher mounting points, such that the entire
instrument panel was in view. Film cassettes contalning approximately 2000
frames could be fitted into the camera in situ under normal day light
conditions. Each run was identified by holding a note pad, with the Tun
number inseribed on it, in the camera field of view at the start of the run.

Figure 5.4.B
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The cockpit photographs were synchronized to the acoustical measurements and
tracking data using 27 MHz radio transmissions. When the ground cameras were
operated they triggered a radio transmission which was picked up on the
acoustical tapes and also caused a light meunted on the cockpit instrument
panel to flash which was recorded by the camera.

A video camera was also employed during the tests as a back-up for the cine
camera. During each event, the flight observer also kept a record of the most
important cockpit instrument readings. It should be noted that the cockpit
IAS readings were in units of statute miles per hour (mph) instead of nautical
miles per hour (kts).

5.4.6.b Tracking System

Tracking data was acquired for the UK/FRG test via a sophisticated photo
altitude determination system, depicted in Figure 5.4.C. The system wase
synchronized (as mentioned above) to the other data measurement
instrumentation systems with 27 MHz radio transmissions. The photometrie
scaling techniques utilized were applied separately by both teams; the FRG and
UK teams operated two and three cameras, respectively.

All of the five camera stations were positioned along the flight track such
that the "long edge" of the photographs would be parallel to the flight track.
The exact positions of the two outboard UK-WHL stations depended upon the
flight track used, but the two FRG-DFVLR stations--along with the central UE-
BAe station--were always at fixed positions, namely 21 m uptrack, and 200 m
and 15 m downtrack, respectively. The cameras were focussed at infinity and
set at maximum shutter speed (1/500 sec) with the aperture adjusted to suit
ambient light conditions. During a flight event, each camera when operated
triggered a synchronization impulse which was transmitted to the recording
stations. A photographic print was available shortly after the photographs
were taken. Aircraft altitude and lateral and longitudinal displacement from
the ideal flight path could thus be determined at each camera station by
photo-scaling techniques. Images were measured using either an episcope or a
travelling microscope. This unique on-site photo-scaling ability allowed
timely track keeping verification.

UK Sysiam: FRG System: Flgure 5'4‘C UK Systam:
Polarokd Rollei SLEE6 Camera 27 MHz
600 or Goosa with Polaroid Cassatta Transmitier
Camerm Adapler Anrial

ik’ i UK/FRG Aircraft Tracking System

Synchro. Cabla 1o DFVLR Van

27 MHz 12¥ DG
Transmittar Power Supply
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Although the two teams informed one another of their results, each team used
only their own results for the reduction and correction of their noise data;
thus maintaining the policy of acquiring two independent sets of data.

5.4.6.c #Approach Guidance System

The approach guidance system used for the UK/FRG flight test was a semi-
portable Precision Approach Path Indicator (PAPI) supplied and operated by the
UK team. The PAPI system used is essentially a two color light projector
consisting of a lamp, red filter and lens positioned so as to project a beam
of light, the upper half of which is white, the lower red. The system 1s
comprised of two units, each of which has two lamps. The units were arranged
at 90 degrees to the approach path centerline ground track, approximately 5 m
to either side of the approach path origin. One unit was set such that the
red/white boundary was at the lower limit of the desired approach angle, the
other unit at the higher 1imit. Thus, the approaching pilot saw one red 1light
and one white light if he was within the required glide slope limits, two
whites if he was too high or two reds if he was too low.

Each unit was mounted on a rigid 't' frame which, for the purposes of this
relatively short test, was placed firmly onto a flattened ground surface. This
type of installation requires frequent checking of the get angles since the
stability of a grass surface is questionable. It was found during the test
that one unit did in fact move significantly during a long unattended period
of several hours (reasons unknown). From then on the units were checked
frequently at convenlent intervals during testing.

5.4.7 TFederal Republic of Germany Team
5.4.7.a Fhoto Determination System Equipment

The FRG-DFVLR ground tracking system employed two identical stations, each
comprised of a Rollel 5L 66 camera with 150 mm focal length lens and a
Polaroid cassette adapter attached to the camera, all of which was mounted on
a heavy tripod. Each camera was connected, via an electrie cable, to the
central nolse measurement station in the acoustic van, where the synchronizing
trigger signals were recorded.

5.4.7.b Acoustic Data Acquisition

During the test the FRG team employed a central noise recording station to
record the noise data from each of the FRG sites. This system, located in the
DFVLR Acoustic Van, 1s comprised of a l4-track FM magnetic tape recorder, a
l4—channel signal conditioning-and-monitoring unit (with automatic gain
setting printer), and an TRIG B time-code generator. Figure 5.4.D, 1= a
schematie diagram of the FRG acoustic data acquisition instrumentation.

For flight operations, the FRG-DFVLE team deployed a total of eight
microphones. The centerline-center site was equipped with two 1.2 m and one
ground microphone. The two sideline sites were each equipped with a 1.2 m and
a pround mierophone., A 1.2 m PISLM system was also at the centerline-center
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slte. The final 1.2 m microphone was deployed at the additional centerline
site——4. Data from each of these microphones fed Into separate channels of
the Ampex PR 2230 tape recorder contained in the DFVLR Acoustic Van. Figure
5.4.E depicts & typical FRG noise measurement station.

For static operations, 1.2 m recording system microphones were deployed at the
150 m soft and hard propagation path sites.

Figure 5.4.E
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S.4.7.c Hoise Data Reduction

Processing and analysis of the acoustic recordings were performed using the
DFVLR Technical Acoustics Laboratory's data analysis system. This system is
controlled by a LSI 11/25 micro processor which is linked by a 16-bit parallel
interface to the local DFVLR computer center's VAX 11750. The VAX in turn is
linked to the DFVLR IBM 4381 main computer, allowing access to output plotter
and laser printer facilities. A schematic of the system and hardware used is
shown in Figure 5.4.F.

Included in the FRG report was the following foot note:

"Care should be taken when ALM and OASPLM results are compared between
different laboratories. It should be noted how many one-third octave bands
have been included in the calculation, since it was found that differences
in level of approximately 2 dB(A) can occur for AIM and more thanm 6 dB for
OASPLM, if all of the 42 bands of the one—third octave band analyzer instead
of the recommended 24 bands are being used."

S.4.7.d Final Data Summary

The data which appears in the FRG "Final Corrected Data Summary", Table 5.4.B,
was derived from the FRG December 1985 Report, with the exception of the
statiec data and corrections to the approach data which came from a September
1986 Submittal.
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Figure 5.4.F

FRG Data Analysis And Processing System
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Table 5.4.B

FINAL CORRECTED DATA FEDERAL REPUBLIC OF GERMANY

PILOT 1 570, PILOT 2 5T,
LEFT CENTER RIGHT 3NIC DEV. 90% CI LEFT CENTER RIGHT 3MIC  DEV. 90% LI

APFROACH APFROACH
EPNL B6.90 9230 B9.10 B%.50 0.40 0.40 EPML 86,30 92,60 89.90 BY.AD  0.50 0.40
PHLTa 85,30 93.60 .90 BE.9D  0.40 0,40 PHLTA 85.30 93.40 89.30 B9.40 0.80 0.70
Aa 71.20 8090 75.10 75,70 0.50 0.30 ala 71.40 BO.70 Th.40 76,10 0.50 0.40
SEL 83.30 69,30 85.70 B&.10 0.80 0,50 SEL 83.00 B9.40 87.30 Ba.&0 0.30 0.30
LEVEL FLYOVER LEVEL FLYOVER
EPHL B6.40 BB.20 BA.90 Bh.60 0.30 .20 EPHL 86.30 §9.70 85.60 87,20 0.30 0.30
FHLTR 88.00 90,50 B6.10 BE.20 0.20 0,20 PALT B7.80 91.40 B6.70 BB.70 0.30 0.3
Al 71.50 76,00 7110 7220 0.30 .30 Ala 71.90 75.20 71.80 73.00 0.B0 0.70
SEL 80.40 BL.50 BO.10 80,70 0.20 0.20 SEL B1.00 83.00 B0.70 BL.60 0.40 0,50
TAKEDFF TAKEDFF
EFNL 5.50 B6.60 B6.10 BE.10  0.30 .30 EFNL 85,30 B5.70 B4.20 BA.OD 0,10 0.00
PHLTa 85.50 B7.50 86.50 8690 0.30 0.3 PHLTa §7.40 85,90 BA.40 BA.90 0.20 0,10
AL 7130 72.60 7200 7200 0.30 0.30 AL 7230 71.B0 71.20 71.B0 0,40 0.4
SEL 81.80 B2,80 82.70 BZ.40 0.30 0.3 SEL B2.70 8220 B2.40 82.50 0.20 0,2
DURATION ¥ DURATION P
APPROACH 39.40 19,50 39.40 APPROACH 36,80 25.20 32,30
LEVEL FLYOUER  20.30 15.30 19.50 LEVEL FLYOVER 17,50 15.20 18.10
TAKEGFF 20,30 18.20 22.8 TAKEDFF 22,20 15.30 19,60
DURATION A DURATION A
APPROACH 32,10 17.20 36,70 APFROALH 19.70 20.30 34.40
LEVEL FLYOVER  21.20 15.10 18.30 LEVEL FLYOVER 1820 13.30 17.70
TAKEDFF 17,00 21.80 24.50 TAKEDFF 75.80 23.80 27.00
TONE CORRECTION VALUE TONE CORRECTION VALUE
APFROACH L10 0.70 130 APFROACH 1,00 0.70 1,30
LEVEL FLYOVER 1.9¢ 100 130 LEVEL FLYDVER 170 (.80 1.40
TAKEOFF 2,80 2.20 2.30 TAKEDFF .90 230 7.4
TONE CORRECTION BAND TONE CORRECTION BAND
APFROACH g0 G APPROACH T
LEVEL FLYDYER 7 g5 W LEVEL FLYOVER 22 23 W
TAKEDFF B TAKEDFF 7 7w
MAX NOY BAND MAY NOY BAND
APPROACH H,77,25 75,24, 26 24,73,74 APFROACH 23,28,26 75,2, 24,23,28
LEVEL FLYOVER 22,29,32 74,28,77 72,32, LEVEL FLYOVER 22,32,M0  23,26,22 22,74, MR
TAKEDFF 77,74, 32 22,34,35 24,22,7% TAREDFF 77,74,2%  22,KA, 2% 72,24,29
STATIC FLIGHT 1DLE THE DATA WHICH APPEARS IN THIS TABLE WAS

0 45 % 135 180 25 1M O3S DERIVED FROM THE FRG DECEMBER 1985
HARD RERORT, NITH THE EXCEPTION OF THE GTATIC

44,80 65.80 65.80 6830 &5.30 66.30 &T.80 &b.1D DATA AND CORRECTIONS TO THE APPROACH
SOFT DATA WHICH CAME FROM A SEPTEMBER

5400 59,20 59.40 43,70 57.50 S59.B0 59.%0 56.10 1985 SUBNITTAL.
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5,4.8 United Kingdom Team
5.4.8.a Tracking Equipment

The UK ground tracking stations employed Polaroid 600 (or 600SE) cameras with
127mm lenses mounted on photographic tripods. Each camera was equipped with a
27 MHz radio tramsmitter, which when triggered produced an amplitude modulated
carrier at lkHz for approximately 1 second. This signal was picked up by 27
Mhz receivers connected to the auxiliary channel of the Nagra tape recorders
at the adjacent acoustical measurement sites and within the helicopter.

5.4.8.b Acoustical Data Acquisition Instrumentation

For the UK participant, noise recordings were made by teams from Westland
Helicopter Ltd., while direct read measurements (and weather data) were
obtained by British Aerospace. For the purposes of this report, only the
noise recorded measurements are discussed.

The UK measuring systems at the centerline-center measurement site consilsted
of a 1.2 m microphone system and a ground surface system, which fed into
separate channels of the site's 2Z-channel Nagra tape recorder. The ground
microphone was inverted with its diaphragm 7mm above & closely cropped grass
surface. The three other nolse measurements sites were each equipped with a
single 1.2 microphone system. Figure 5.4.G is a schematic diagram of a the UK
acoustical data zcequisition instrumentation; Ineluded in rhe figure are the
systems equipment specifications.

5.4.8.c Noise Data Reduction

Frocessing of the tape recorded acoustic signals was carried out using the
Westland Acoustics Laboratory's analysls svstem, which consists of the
following equipment:

~Gen Rad 1995 Integrated 1/3 Octave Real Time Analyzer
~Nicolet 660A dual chamnnel FFT analyzer
-Hewlett Packard 9845 B desktop computer including:
578 k bytes RAM
Z — 9885 flexdble disk drives
9872 B A3 plotter
~Hewlett Packard 7045 B A3 X-Y plotter

The two spectrum analyzers are linked to the computer via HP-IB (IEEE -488,
1978) and 16-bit parallel interfaces (Nicolet only) providing an extremely
flexible facility.

5.4.8.d Final Summary Data
The data in the UK final corrected data summary table, Table 5.4.C, uses data

from the UE December 1985 submittal, with corrections to the level flyover
data coming from the September 1986 submittal.




Figure 5.4.G

UK Noise Measurement/Recording System Instrumentation
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Table 5.4.C

UNITED KINGDOM FINAL CORRECTED DaTA

PILOT 1
LEFT LCEMTER RIGHT
EPFROACH
EPML B&,20 92,30 B3.90
PNLTa 85.40 93.8¢ B9.&0
fle 71,90 BL.20 76.50
SEL 82.90 B9.40 B7.40
LEVEL FLYOVER
ERHL 8540 B9.00 85.70
PNLTa 5040 92.70 86.90
ALg 72,80 75.80 7230
SEL 81,80 82.50 E0.7¢
TAKEDFF
EPKL B4.00 G730 BE.40
PHLTE 86,70 88.50 86,80
ALa 712,00 73.9¢ 72.50
SEL 82,50 83.70 B3.%0
DURATICN P
LPPROACH 37.00 1770 26,70
LEVEL FLYOVER  19.90 12.20 1&.30
TAKEDFF 73,00 15.80 22,80
DURATION &
LPEROACH 38.80 17.20 32.40
LEVEL FLYOVER 22,00 12,80 (8.B0
TAKEQFF 26,20 19,30 23.80
TONE CORREETION VALUE
BPPROACH 0.50  0.90
LEVEL FLYDVER .80 .29 1.
TRKEDFF .70 2,200 2.70
TONE CORRECTION BAND
APPROACH 2% W %
LEVEL FLYDVER s R | L
TREEDFF 7 N
MAY NOY EANDS
EPPROACH 24,23,24 75, 25,25
LEVEL FLYOVER  22,27,30 24,20,24
THYEQFF 22,24,31 22:97,32
STATIC FLIGHT IDLE
% 45 90 135 180 1255
HARD
83.0 67,2 45.0 68,6 £3.9 44,2
SLFT :
58,9 58,0 9.1 63.1 38,2 &L.7

3MIC

89,50
89.70

78,40
Bo.560

a1.80
87.50
13,30
Bi.70

B&.60
£7.30
7290
53.20

21

£3.0

PILOT-2
51D &1
DEV 90% LI LEFT [LEWTER RIGHT 3HIC DEV 90X 1
APFROACH
030 0,40 EPNL HA HA HA Hh WA (i
080 0,70 PiLTa A I Hé o KA i
0.9 0.70 Ala L] A e He KA Hi
0.50 0.0 SEE HH A A e KA &
LEVEL ELYOVER
Ha  NA EPHL i W& He Ha WA ha
We A PRLTa A Hi HH hs KA L]
03¢ 0.20 Aln HA Ha fiA N MR HA
0.2 0.20 SEL A i HA B HA M
TREEOFF
.40 0.30 EPRL Bt.40 BL.GO - HTL20 B6.B0 2D 020
a6 0.3 FALTa B7.30 B7.70 £7.20 BT.A0 0030 R0
0.0 .30 AL J2.80 72,80 JLI0 TR0 L&) 0.50
030 .30 SEL 8290 03,00 B4.10 BI.IO 03¢ 020
DURATION P
APFROACH A Kl M
LEVEL FLYOVER & ] ha
TAKEDFF 22,30 17.30) 3530
DURATION A
AFPROACH A A e
LEVEL ‘FLYOVER 1A A He
TAKEDFF 23800 22,800 28.10
TOKE CORRECTION VALUE
APFROACH HA HA lig
LEVEL FLYOVER h hA Hé
TAKEDFF 290 240 T
TOKE CORRECTION BANI
#PFROACH fif 2] 1A
LEVEL FLYDVER h# k4 Hi
TRYEDFF ey 22 i
MAd NOY BANDE
26,25,23 APPROACH WA, NA, A KA, NALHA Hh A KA
22,3,27 LEVEL FLYDVER NA, N MR N, N HR N, NA, A
3,55, TREEQFF 27,38,2% 22,218,310 12,28, 10
35 THE DATA WHICH APPEARS IN THIS TRILE IS FROM THE U.E,
DECEMBER 1983 SUBMITTAL #1TH CORRECTIONS TD THE LEVEL
&1l FLYOVER DAt COMING FRDM THE SEPIEMBER 1985 SUBMITTAL.
5403 UK delta 3 calculated at 15°C

197

56




S UNITED STATES - CANADTAN TEST

The joint United States/Canadian noise measurement flight test was held August
27th through 29th, 1584 at Dulles International Airport near Washington, DC,
USA. The United States (US) test team was comprised of US Department of
Transportation (DOT) personnel from the Federal Aviation Administration (FAA)
and the Transportation Systems Center (TSC). The Canadian team was comprised
of personnel from the Canadian Ministry of Transport.,

5.5,1 Weather
The weather for the US/Canadian noise measurement flight test was clear and

sunny. Core program test events occurred from 8:00 am to 1:00 pm EST, during
which time temperatures ranged from 18 degrees Celsius to 27 degrees Celsius.

5.5.2 Operations
The static and flight operations conducted as part of the US/Canadian flight
test program are outlined in Table 5.5.A. The core test program (detailed in

Section 3.2) was conducted twice by two different pilots, thus establishing a
dats base of four complete core tests within this single flight test program.

Table 5.5.A

US-CANADIAN FLIGHT TEST PROGRAM

sk *%

ID OCEN PILOT OPERATION ID OCRN PILOT OPERATION

A 1 1 Level Flyover 0,9Vh AZ 2 1 Level Flyover 0.9Vh

AA 1 2 Level Flyover 0.9Vh AY 2 2 Level Flyover 0.9Vh

B 1 1 ICAD Takeoff, Vy BZ 2 1 ICAD Takeoff, Vy

BB 1 2 ICAQ Takeoff, Vy BY 2 2 ICAD Takeoff, Vy

c 1 1 Six Degree Approach cZ 2 1 Six Degree Approach

cc 1 2 S1x Degree Approach cY 2 2 Six Degree Approach

D 1 1 Static FI DZ 2 1 Static FI

E 1 1 Static GI EZ 2 1 Statie GI

F 1 i Static HIGE FZ 2 Statiec HIGE

M 1 1 Bell Quiet Approach MM 2 1 Bell Quiet Approach

K 1 1 Six Degree Approach KK 2 1 Six Degree Approach
No Guidance Ho Guidance

G 1 1 Level Flyover 0.9Vh (300m)

H 1 1 Level Flyover 1.0Vh (150m)

I 1 1 Level Flyover 0.8Vh (150m)

J 1 1 Level Flyover 0.7Vh (150m)

*% OCCURRENCE - First or second time pilot flew operation.
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5,553 Pllots

The US/Canadian flight test program pilots were: Pilot 1 from Omniflight
Airways (Baltimore, Maryland, USA) and Pilot 2 from the FAA. As mentioned
ghove, the core test program was flown twice by each pilot, TIncluded in Table
5.5.A are notations as to which pilot flew which event.

5.5.4 Test Helicopter

The Bell 206L-l1 used during the US/Canadian test program was leased by Bell
Helicepter, Textron from Omniflight Airways (Baltimore, Maryland, USA).

Prior to the test, a laser retro-reflector was mounted on the underside of the
test helicopter for tracking purposes. The retro-reflector comnstitutes the
only external modification to the US test helicopter.

5.5.5 Test Site Array

The US/Canadian test site array was an enhancement of the HNMRP test plan
specifications. The flight operation test site array consisted of the
certification sites (& centerline-center and two sideline sites), the HNMRP
recommended down-range centerline site, and an additional centerline site,
located 150 meters up-range from the centerline-center site (for a total of
three centerline sites), The test site array for static operations included
the requested 150 m hard and soft propagation path sites plus two additional
sites, one hard and one soft propagation located 300 meters from the hover
point. Figure 5.5.A is a schematic diagram of the test site array.

Figure 5.5.A

US/Canadian Test Array

Runway H5 5@; Hi @}
B ¥

i
120* Fllght Track 300*
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+— @ Photo Sites
Laser deployment &) Take OH Rotation Point
near threshold I Transmit Sitea
runway 30 O VASI Sites
& Hover Paint
& Hover Microphones Sitea

The noilse measurement testing area was nominally flat, with a ground cover of
short, clipped grass. It was bordered om the north, south, and west by woods,
which provided a low ambient noise level. The runway adjacent to the test
area was closed during the test, so there was minimum interference from
commercial or general aviation.
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5.5.6 Joint Program Features
S5.5:6.a Approach Guldance System

Approach guidance was provided to the pilots by means of a Visual Approach
Slope Indicator (VASI). The VASI was located at the point where the approach
path intercepted the ground, at a distance of 1128 meters (3701 feet) from the
centerline-center site. The system used in the test was a three-light
arrangement giving vertical displacement information within #0.5 degrees of
the reference approach slope. The pilot observed a greenm light if the
helicopter was within 0.5 degrees of the approach slope, red if below the
approach slope, white if above.

In the case of verbal guidance approaches, FAA personnel operating a surveying
theodolite advised the flight crew of deviations (exceeding 0.5 degrees) from
the reference six degree flight path.

5.5.6.b Tracking Systems

During the US/Canadian HNMRP flight test three separate tracking systems
(laser, radar and photographic) were used in order compare the systems and to
asgure complete acquisition of tracking data. Below is a descriptiom of each
tracking system. Measurement and reduction of tracking data was the
responsibility of the US team with the resulting tracking data used by both
teams to reduce their nolse data.

Laser - The laser precision automated tracking system used during the
US/Canadian HNMRP flight test is a semi-mobile facility which uses an
invisible laser beam to automatically track aircraft equipped with a
retro-reflector.

The tracking portion of the system comnsists of a laser transmitter and an
optical receiver. Short bursts of infrared laser emergy are generated in 3
narrow beam toward the target and are returned to a2 receiving telescope.

The recelving telescope's optical output is then directed to a 4-quadrant
photo detector. When the telescope axis is pointed precisely at the tracked
target, all quadrants of the photo detector receive an equal portion of the
target return image, and the detector outputs are egqual. An optical
automatic gain control system operates a filter wheel in conjunction with
the laser transmitter optical attenuators to maintain constant average
optical signal levels at the gquadrant photo detector. When the target is
off of the telescope axis, detector outputs are unequal and a function of
the magnitude and direction of the pointing error; the necessary adjustments
are then made automatically to maintain target tracking.

Initial locking of the laser tramsmitter onto the alrcraft's retro-
reflector is made with video—optical sighting equipment which is linked to a
television camera mounted below the receiving telescope and aligned with the
tracking optical axds. After the camera sights the aircraft, the system
beging tracking automatically.

Range is obtained by measuring the time interval between transmitted and
received optical pulses. The range computer is initialized each time the
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laser 1s fired. If no target return pulse is received and automatic and
manual operations fail to acquire the target the computer disregards the
data sample. Range to the tracked target is measured and displayed with a
resolution of 1 foot in 5 miles.

The data processing portion of the laser system consists of a Digital
Equipment Corporatiom PDP-11/35 processor and related equipment. The
accuracy for both azimuth and elevation is 20 arc seconds. During tracking,
the data processing system exercises control over the tracking system and
formats the tracking data for recording and display. After tracking is
completed, tracking data are recorded on magnetic tape.

Radar - The radar system deployed during the US/Canadian flight test is a
gemi-mobile 9.1 GigaHertz radar system. The radar locates the target with
the assistance of a video camera which is mounted below the radar
transmitting/receiving antenna. Once the operator controlled video system
has the target in an acquisition window, the radar system locks on.

The radar determines the range of the helicopter by analyzing the reflected
electromagnetic pulse from the aireraft. The target's spherical
coordinates, range, elevation and azimuth are outputted, along with IRIG-B
time code, to a Kennedy one inch magnetic tape drive. The magnetic tape was
subsequently reduced in the FAA acoustical laboratory using a PDP-11-35
computer system. Raw data were then converted to Cartesian coordinates, and
the required position information was computed, tabulated and plotted.

Photo Altitude Determination System - Helieopter position data were also
acquired by using the photo altitude determination system, which is
described in the Society of Automotive Engineers report AIR-902 (Ref 11) and
which was used by several other HNMRP participants.

Froblems were encountered with each of the three tracking systems throughout
the program. The laser system's problems included failure of the diesel
electric generator power supply and difficulty locking onto the Tetro-
reflector during some operations. The radar system experienced data drop-out
when the tracking antemma would lock-up on strong stationary electromagnetic
targets. There were also problems with the radar's recording tape drive
transport mechanism., The photographic crew unilversally experienced difficulty
during the test in their attempts to provide time synchronized photographs
through use of time indexed data backs, or range code synchronized stop
watches. Fortunately, with three systems, tracking data were available on
most of the events.

Laser data were used as the tracking data, when available, because it is the
most accurate of the three systems {1 foot in 5 miles). Laser data, however,
were only available for approximately one-third of the total number of program
events (both core and elective operations). As such, 1In cases where laser
data were unavailable, photo data were used together with radar data, creating
Photo Adjusted Radar data (PAR). PAR data were generated in the following
MANNET }

CPA(PAR) = photo CPA SE({PAR) = Photo CPA * Radar SR
Radar CPA
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5.5.0.0 Meteorological Systems

For the US/Canadian HNMRP flight test a Doppler Sodar was used to acquire a
detailed description of the wind structure in the immediate vicinity of the
noise measurement sites. The Sodar measures wind speed and direction by
sending an acoustical pulse into the atmosphere, via three large conically
shaped antenna, and measuring the intensity of the returning pulse echo. The
frequency shift of the echo varies according to the wind speed (doppler
effect), while the echo intensity varies according to thermal turbulence and
structure. A DEC PDP-1103 computer processed the information received from
the pulse echoes and stored the output on magnetic tape. The accuracy of the
Eemtech Doppler Sodar system is 0.3 meters per second for wind speed and 3
degrees for wind direction.

A ten meter meteorological tower was used to measure: temperature, relative
humidity, wind speed and wind direction during the test. Both meteorclogical
systems were deployed and operated by the US team and the subsequent data was
shared by the two teams.

3.5:6.d Cockpit Data Documentation

During the US/Canadian noise measurement flight test, helicopter performance
characteristics were documented by the use of a cockpit videotape system
similar to those used in the other HNMRP flight test programs. A flight
cbserver's log of the average instrument readings for each event was also
kept.

5.5.7 Canadian Team
5.5.7.a Acoustical Acquisition Systems

The Canadian acoustical acquisition systems consisted of both analog and
digital magnetic recording systems. The analog systems were deployed at the:
sideline sites, while the digital systems were deploved at the three
centerline sites. An inverted (ground-plane) microphone, using a digital
magnetic recording system, was also deployed at the centerline-center site.

Both the analog and the digital systems included condenser microphones with
preamps operated by battery driven B&E 2804 power supplies.

For the analog systems, the power supplies were modified to provide 30 dB
extra gain (vla an internal toggle switch). Fifty meter cables were used to
connect the power supplies to the B&E 7003 four channel magnetie tape
recorders. The four recorder channels (Ch) were used as follows:

Ch-1 ecue channel

Ch-2 acoustic data were recorded as linear or flat weighting

Ch-3 acoustic data were passed through an A-weighted filter

Ch-4 Inter Range Instrumentation Group-B (IRIG-B) synchronized time code

The A-weighted filter was employed in case the dynamic range of the tape
recorder (approximately 40-50 dB) was inadequate for the large level
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Figure 5.5.B

Canadian Analog Acoustical Daia Acquisition System
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differences (30 to 60 dB) between the high and low frequenciles which
characterize helicopter acoustic signals. Recording gains were set so that
the optimal signal-to-noise ratio would be achieved while allowing sufficient
"head-room" to avoid distortion of the peak levels.

The digital systems employed were Panasonic and Technics Digital Audio
Cassette Recorders, types SVP-100 and SV-100, for the ground-plane and
conventional microphone systems respectiwvely, 14 Bit AD-DA converters and
Pulse Code Modulation (PCM) Encoder/Decoders were used with both, and acoustic
data were recorded on VHS video cassettes. These systems have a wide dynamic
range, approximately 85 dB, and thus no high frequency pre-emphasis was
necessary. AC power was provided by means of 12 Volt DC batteries and a
static invertor.

The analog and digital systems are shown in Figures 5.5.B and 5.5.C,
respectively.

L e e ) Acousgtic Data Beductlon and Processing

The magnetie tape recording field data were reduced and processed at

De Havilland of Canada, Toronto Division. Additional processing was performed
at Transport Canada. Filgure 5.5.D is a schematic of the data reduction and
analysis system used.

Corrections were applied to the data to account for non-standard acousticel
day conditions, source nolse characteristics and agircraft deviations from the
reference flight track and speed. These corrections, as well as the prior
data reduction and analysis were conducted in aceordance with 'the procedures
detailed in the HNMREP reference documentation. Included in these correctioms
were the Amnex 16 Delta 1, 2, and 3 corrections.

Figure 5.5.D

Canadian Acoustic Data Reduction and Analysis Sysiem
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5.5 70e Final Data Summary

The data which appears in the Canada "Final Corrected Data Summary", Tables
5.5.B and 5.5.C, were derived from the Canadiasn April 1986 "ICAQ HNMRP
US/CANADA JOINT PROGRAM, CANADIAN TEST REPORT" (R-86-2) and from September
1986 submittals.

5.5.8 United States' Team
5.5.8.a Acoustic Measurement Instrumentatieon

Nagra two-channel direct-mode tape recorder systems, shown in Figure 5.5.E,
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Figure 5.5.E

US Noise Measurement/Recording Sysiem Instrumentation
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were deployed by the US team at each acoustical measurement site. On one
channel the noise data were recorded with essentially flat frequency response,
while on the second chamnel the data were first weighted and amplified using a
high pass pre-emphasis filter.

Helicopter acoustical signals are characterized by large level differences (30
to 60 dB) between the high and low frequencies and as such the use of
pre-emphasis was deemed necessary in order to boost the high frequency portion
of the acoustical signal. The pre—emphasis network rolled off those
frequencies below 10,000 Hz at 20 dB per decade. Recording galns were
adjusted so that the best possible signal-to-noise ratio would be achieved

while allowing enough "head room" to comply with applicable distortiom
avoldance requirements.

5.5.8.b Nodlse Data Reduction

The analog magnetic tape recordings were analyzed at the Transportation
Systems Center (TSC) facility in Cambridge, Massachusetts, USA. Data
reduction followed the basic procedures defined in the references outlined in
Section 2.3 of this report. Delta 1 and 2 corrections were applied to all
operations as per Annex 16 procedures, and in the case of the level flyover
operation Delta 3 source noise corrections were also applied.

5.5.8,¢ Final Summary Data
The "US Test Report" is the source of the final US data presented in Tables
5.5.D and 5.5.E. The "US Test Report' was prepared before the HNMRP group

agreed on the left-center-right-3 microphone data table format so the US data
have been presented in Appendix C in that format.
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Table 5.5.B

CRHADA FINARL CORRECTER DATA

PILOT 1-1
5T

LEFT CENTER RIGHT 3MIC  DEV 901 [l
APPROACH
EPNL MA ONA O WA A WA WA
PHLTa NA N MR ONR A WA
Als HA N MR NA A NA
SEL NA  NA A NE MR MA
LEVEL FLYOVER
EPNL B6.39 86,67 88.3% BE.54 0.22 0.2
PHLTa 88.88 50,33 89.44 B9.57 0.27 0.2
ALn 74.29 Th.A3 TH.82 TS.1B 048 0.4k
SEL 89,31 B5.08 8388 B4.43 0.32 0.3
TAKEDFF
EPHL B7.76 B35 B7.73 87.62 0,47 0,29
PHLTa BE.8Z BB.B5 B.36 BB.68 0.5 0.93
ALa 73,10 73.82 7248 7314 0,08 0,14
SEL B3.70 B3.53 B3.49 8357 0,32 0.5
DURATION P
APPROACK & HA NA
LEVEL FLYDVER 72,70 1650 17.70
TAKEDFF B0 130 2530
DURATION #
APPROACH NA MR N
LEVEL FLYOVER 72,85 16.60 17.50
TAKEDFF N& 19.40 28,20
TONE CORRECTION VALUE
APFROACH NS K& N
LEVEL FLYDVER .78 L1014
TAKEGFF 240 2,20 240
TONE CORRECTION BAND
APPROACH HA NA A
LEVEL FLYOVER W23 WA
TAKEOFF W iy @
HAY NDY BANDS
APPROACH NA, NA, WA NANANE N, NA,NA
LEVEL FLYOVER N MA,NA23,25,27  NA;NA,NA
TAKEDFF WANANE O E2,34,26 22,1, 3
STATIC FLIGHT 1DLE

0 45 W i35 180 TS w0 35
HARD F1-1
1.2 67,0 697 b0 897 TRE TLY L3

DATA CAME FROM THE APRIL 19854 % SEPTEMBER 1534 SUBMITTALS.
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PILOT 1-2
5TD
LEFT CEMTER RIGHT 3MIC  DEV 901 CI
APPROALH
EPAL 86,97 9292 91.81 90,57 0.13  0.58
PHLTa 8,82 94,82 90.53 90.86 0.37 LM
ALa 7,35 BLIS T3 7e7 0.2 0.5
SEL 82.48 90.34 88.42 8715 0.13  0.58
LEVEL FLYDVER
EPKL B.55 B8,38 B7.29 BE.07 0.58 (.48
PHLTa B9.76 91.27 B3t BLS O.40 0,71
Ala 73.54 78,88 73.02 7A.41  0.6%  0.81
SEL 83.57 B4.52 B2,30 8348 0.40 071
TAKEDFF
EPNL 85.54 67,10 B3.93 BT.19 008 0,35
PHLTS 89.41 B9,58 B&.34 BE.IL 002 0,07
AL 73,30 74,03 70,69 7267 0.3 0.8
SEL 84,20 B3.54 BL.B& 83,20 0.26 1.4
DURATION P
£PPROACH 2530 17,00 27.30
LEVEL FLYOVER 18.70 11.%0 21.20
TRKEDFF 78,10 18,50 24.30
DURATION &
APPROACH 20,20 15,46 26,10
LEVEL FLYOVER 20.00 1Z.00 18.70
TAKEDFF 3.80 2270 28.10
TONE CORRECTION VALUE
APFROACH 140 100 130
LEVEL FLYDVER 1.80 L.20 1.30
TAKEDFF .70 L3 L350
TONE CORRECTION BAKD
APPROACH Ne 25 WA
LEVEL FLYDVER N8 23 WA
TREEDFF M 2
MAY KDY BAKDS
AFPROACH NA,NANE 25,285,256  Z3,NA,NA
LEVEL FLYDVER  NA,MANA  23,26,22 NA,KA,3%
TAKEOFF NA,NANA  22,34,35  29,02,3
STATIC FLIGHT IDLE
0 45 0o 135 | G800 2950 200 o TS

HARD P1-2

9.3 885 70 7RI TR1 754 TLE 8BS




Table 5.5.C

CANADR FIKAL CORRECTED DATA

PILOT 2-1 PILOT 2-2
STH §70

LEFT CENTER RIGHT 3MIC 18V 901 CI LEFT CENTER RIGHT IMIC  DEV  90% O
APFROACH APPROACH
EPHL 8,37 93,38 54,77 90.B1  0.81 1.03 EPHL NE ONE MR MR NA NA
PNLT® 35,78 95.B5 GL.94 339 0.24  0.43 PNLTE HA NA MR N& N8 HA
ALn 71,76 B3.52 TRLAS TLAA 04T 0T Ala NAONA O ONR O HR NA A
SEL 82.7¢ 90.80 B8.3h ET.3F 0.50 0.4 SFL M NA O OHAE O HA NS N
LEVEL FLYOVER LEVEL FLYOVER
EFNL 87,50 BR.77 88,12 BE.1& 0.4k 2.0 EPNL 89,47 28,58 88,54 98,38 0.43 0,51
PALTa 88.17 91,41 B8.25 B9.28 0.47 L.09 PNLTa 91,49 9145 B9.A8 90.87 0.B0  0.5%
ALm 7402 TLA LTI 79 G4 0.4 Als Thlh 7736 7483 761 0.9 LI0
sfL B3.58 B5.41 E3.77 BA.78 044 |55 SEL B4.90 B4.B7 B394 BASE 057 0.47
TAKEOFF TAKEQFF
EPHL §7.79 BB.14 B&.05 E7.33 0.6 145 EFAL 86,96 89.35 67.85 87,59 0,92 !
FHLTe 8.5 B399 BL.M ER7 0.7% 134 PNLTa Ba.ES 90.82 B9.08 BB.F2 137 .3
ALm 71374 7534 7456 7321 0.8 1,38 i .29 7599 7094 7.4 1.2 .47
SEL £3.76° 84,57 B1.G4 83,25 031 1.5 5EL 82,37 £5.69 83,40 B3.33 0.87 147
URATION P BURAT1ON P
APFROACH 10,60 15370 20,20 AFFROCH WA MR NA
LEVEL FLYZVER 20,60 12,60 19,50 LEVEL FLYGUER 20.70 1440 17.80
TAKEQFF 24,50 16,70 5.7 TRXEDFF 24,80 17.20 20.10
TURATION A DURATION &
APPROACH 3240 1870 21,90 LPPROACH A MR NA
LEVEL FLYOVER 72,80 13.00 17,10 LEVEL FLYDVER 20.20 13.70 17.&0
TRKEDFE 26,40 20.00 .40 TRKEDFF 3.0 20.20 Z4.40
TONE CORRECTION VALUE TONE CORRECTION VALUE
APPROACH L2648 1.5 AFPROACK NE  HA HA
LEVEL FLYOVER 155 1,10 1.18 LEVEL FLYDVER 1.5 130 1,34
TRKEQFF 2,80 220 2.4 TAKEDFF .40 200 2.8
TONE CORRECTION BAND TONE CORRECTION BAND
APPROACH N BB AFPROACH (T
LEVEL FLYOUER NA 23 M LEVEL FLYOVER MO 23 N
TRKEDFF N R TAKEDFF M 7 2
MAY MDY BARDS HA44 MDY BANDS
4PPROACH B, Bk, A 25.24,8 13,72, N4 4PPROACH MO, MANA NANALNA N, NENA
LEVEL FLYOVER NA, A, 5 33,24, 77 Ha, A, 36 LEYEL FLYGVER MM, NANA  23,26,27 23, M8, M
TAKEQFF KR, A, Mo 123435 2,22, TRKEDFF NRRA MR 22,3835 24,2234

OATA CAKE FADX THE APRIL 1986 & SEPTEARER 1984 BUBHITTALS.
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PILOT 1-1
LEFT CENTER RIGHT 3MIC

HFFROACH
EPHL §7.20 92,50 91.00 %0,20
FRLTa 26,90 94,10 90.90 90,40
Y 72,50 BLT0 T7.60 77.30
SEL 83.40 B9.70 B3.20 B7.10
LEVEL FLYDVER
EPNL 87,70 B5.30 B30 B4.ED
FHLTa 88,00 B9.10 87.30 B8.10
AL 73,90 75,80 T3.50 74,50
SEL 83,80 B3.40 BZ.0 B340
TAKEDFF
EPNL 55,90 86,70 B4.20 Bh.40
FNLTA 27,80 B9,30 ET.50 7,90
Ala 73,10 73.50 71.80 7Z.50
5EL 83.40 B2,50 BL.60 B2,90
TURATION F
APPROACH 3200 17,10 2590
LEVEL FLYOVER .00 1280 1630
TAKEDFF 20,90 18.00 21.50
TURATION A
£PPADACH .40 17,00 26.80
LEVEL FLYDVER .70 1370 4710
TAREDFF B0 19.70 15,90
TONE CORRECTION VALUE
HPPROACH LS00 100 1,60
LEVEL FLYOVER {,70. 1.10 1,30
TAKEDFF 250 L0 ZS0
TONE CORRECTION BEND
APFROACH 27 5 ip
LEVEL FLYOVER n B N
TAKEDFF R S
NAY NOY BAMNDS LEFT CENTER
APFROACH 5,24, 25 95,26, 23
LEVEL FLYDVER 23,33,32 73,26,27
TAKEDFF 27,24,32 71,25, 34
STATIC DATA

0 45 % 135 180 23 I
HARD

8.9 702 T 7H1 TLb &85 TO.b
SOFT

5.9 BZ.5  eR.A 609 62,0 &30 EA5

Table 5.5.D

UNTTED STATES FINAL CORRECTED DATA

PILOT 1-2
141 5Tl
DEV %6 LI LEFT LCENTER RIGHT 3MIC  DEV  50% CI
APEROACH
.55 0,40 EPNL B6.50 9270 90,40 90.00 0.4 0.39
0.87 0.38 PHLTa 86.30 94,00 90,20 .20 0.38 0,36
0.82" 0.5 ALs 72,20 81,50 76.80 7E.B0 0.4% 0.8
0.53 0.35 3EL 83.60 90,10 87,70 B7.10 0.35 0,34
LEVEL FLYOVER
0.23 8.3 EPKL 87.70 B7.70 85,30 20 Gk 0.9
0.27 0,20 PHLTa 89.70 90.60 B7.60 8930 .44 0.l
0.2 0.19 Ala 75.30 76,80 7470 75860 0.7 6.20
023 017 SEL B4.00 B4.30 B3.00 B8O 0.23 0.7
THREDFF
0.3t 0.2 EPAL B7.40 86,40 B5.%0 Bb.e0 025 0,23
0,55 0.37 PHLTa 88.70 7,70 67.20 B30 .18 0.1
6,45 .30 fla 7580 730 TLL70 T2O0 0043 0.41
0.25 0,17 SEL 83.70 82.90 B2.40 E3L.00 0.2 0.23
DURATION P
(PEROATH 27,00 19,00 24,00
LEVEL FLYOVER 17,30 11,70 16,60
TAYEDEF 19,50 18,10 22,10
DURATION
APEROACH 34.20 18,80 26,70
LEVEL FLYOVER 18.80 12.60 16,00
TAKEDFF 29,60 2570 25.40
TONE CORRECTION
SPEROACH .20 0.%0 1.3
LEVEL FLYOVER 1,30 120 0.9
TRKEDFF L0 2,10 250
TONE CORRECTION BAND
APPROSCH i S 3
LEVEL FLYOUER 2 1 7
THKEQFF i SO
RIGHT NAZ HOY BANDS LEFT LENTER RIGHT
24,77, 4 APPROACH 25,24, 24 25, M, 25 24,07, 26
24,34,35 LEVEL FLYDVER 23,34,33 23,26,17 24,35, N8
4,22, TKEDEF 22,78, 22,35,34 24,22,34
STATLC DATA
315 o 15 g0 435 180 ;S I S
HARD
530 4.8 854 TZ5 T TRA LI 7RG 703
S0FT
51.3 §5.5 b5  B5.6 B9 62,5 6LS GB.B 674
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AFPROACH
EPNL
FNLTm
ALa

SEL

LEYEL FLYOVER
EPHL

PHLTa

fAlLe

SEL

TAREDFF
EFNL
FHLTH
fiLa

SEL

DURATION 7
APPROACH
LEVEL FLYRVER
TREEDFF

DHRATIOH A
£PPROACH
LEVEL FLYDVER
TAKEDFF

TONE CORREETION WALUE
LPPROACH

LEVEL FLYDVER

TAKEDFF

TONE CORRECTION BAND
APPROACH

LEVEL FLYOVER
THKEDFF

HAY NOY EANDS
APFROACH
LEVEL FLYBYER
THEEDFF

FILOT 2-1

LEFT CENTER

RIGHT

HIC

B4, 40
8h.30
71,60
82.80

92,40
24,50
BL.50
89.70

81.30
§9.00
74.89
83,90

B7.50
89,90
Ta. 40
B4.20

E7.30
28.7d
73,40
B3.40

gy. 70
%10
74.50
84.10

B3
16.58
FIFEL

14.10
12,90
17.860

.50
18.80
25.%0

14.40
15.90
20,50

LA
190
.70

23

A

22 1

LEFY

73,78, M
23, M8, 53
27,74, 34

0. 80
2110
T8.10
g2, 20

B, 20
£7.50
T4.50
§1.10

86, 50
2d.20
12,70
81,80

22,70
16,30
259

.20
A
26,00

27
e

T3

CENTER

5,74, 26
23,26,27
22,35,38

90,10
50,80
77.30
ar. 1

47.00
88,50
75920
B1.79

87.20
BR.70
T3.60
3. 40

Table 5.5.E

UHETEDR STATES FINARL CORREETED DATA

510
DEY

0.1
0.58
0.54
.43

0.30
023
0.3
.27

0.539
0.4%
0,62
0.83

RIGHT

W,27,77
24,73, 25
74,72,

791 LI

e — Y
[ e A |
Lol = S ]

0.25
0.5%
b, 30
0.2

0.8
.38
0,45
4,48

FILOT 2-

2

LEFT CENTER RIGHT

AFPROACH

ERHL gr.10
FHLTm Bh. 70
ALa 72,40
SEL B3.70
LEVEL FLYOVWER

EPNL 88. 40
PHLTR §0. 50
Alm 76,20
EEL 8. 00
TREEDFF

EPNL 89,00
FNLTa 20,50
Ala 74.80
SEL B4, B0
DURATION P

APFROACH 27,60
LEVEL FLYOVER 18.%0
THEEDFF 19,40
DURATION &

APPROACH 34.80
LEVEL FLYOYER: 19.1@
TREEDFF 400

TEBNE CORRECTION
APFROACH 1
LEVEL FLYDVER. L.
TRKEDFF L

"

4
10
T

TONE CORRECTICN BAND
APFROACH

LEWEL FLYOVER
TAKEDFF

HRL NOY ERNDS
AFFROACH
LEVEL FLYDVER
TAKEDFF
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9Z.80
4,20
Bl, &0
99,60

ey.a0
83.70
78,10
Bi. &0

B9.40
59,70
76,20
BS.80

500
12,80
16,80

15.70
13.40
19. 80

0.80
1.20
2.00

27
22
12

LEFT
23,24,23

71.40
92.00
7B.40
BB. 50

73,33,32

22,28, 34

510
IMIC DEV  90% CI
20.50 0.5  0.35
91.00 0.43 0.2
750 058 0.3
g7.40 048 0.2
B7.40 045 0,30
89,70 0.4 0.78
75.90  0.59 0.3
8,10 0.43 0.7
8.0 0.83 052
30.10 0.8 0.7
74,90 0,73 0.0
BLED 0.3 0,43

27
32
2

CENTER RIGHT

25,27,53 ,77,73

23,26, 27 23,34, M4

22,35,34 M2, 4




6.0 THE HNMRP AND THE AMENDMENTS TO THE NOISE CERTIFICATION STANDARD

The proposed amendments to the existing ICAO Annex 16, Chapter 8 and
Appendix 4 requirements (ratified at CAEP/1) are outlined below in
Section 6.1. The CAEP ratified amendments will be forwarded "as advice
from a committee of experts" to the ICAO Council for action. The time-
frame for the ICAQ Couneil approval process historically has been 18
months to two years after committee ratification. Subsequent to their
approval these amendments will officially be incorporated into Amnex 16,

The HNMRP played an active role in the development of each of these
amendments/refinements. A detailed discussion of each issue is provided
in Sections 6.2--Takeoff Issues, 6.3--Level Flyover Issues, 6.4--Approach
Issues, and 6.5--0ther Issues.

6.1 SUMMARY OF THE RATIFIED PROPOSED AMENDMENTS

6.1.1 Takeoff Operation Amendments

~ Clarify the takeoff reference procedure

— Designate takeoff power as requiring minimum specification
engine power

- Modify the takeoff profile

- Limit data adjustment requirements on takeoif to a total of
2dB for distance related deviations from the reference path

In addition to the above, the group agreed to study the feasibility of
modifications to takeoff requirements in the future.
6.1.2 Level Flyover Operation Amendments

— Establish a clear definition of the level flyover test speed

for certification purposes

- Establish RPM test window

- Refine the source noise adjustment requirement
A great deal of time was also devoted to discussing the standardization
of reference temperatures for the level flyover operation.
6.1.3 Approach Operation Issues

- Establish test window
CAEP/1 also recommended as a future work topic: the "completion of a
study on the issue of speed control on approach.”

6.1.4 Other Amendments

- Eatablish a more rigorous detector dynamic response criteria
for representing SLOW response by incorporating "4-Gates" in
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the detector onset criteria curve

- JIncorporate a note to discourage further use of older
technology noise analyzers with comparatively slow sampling
rates, which yleld higher noise levels

— Eliminate the "no correction window"

-~ Establish test windows (previously included in the "no
correction window')

— Establish a requirement to gquamtify and limit, within reason,
the deviation in the sideline elevation angle Psi

- Incorporate a provision to allow more extensive use of
sensitivity curves in implementing data adjustments,

CAEP/1 also recommended continuation of helicopter technical work by
Working Group II.

6.2 TAKEOFF OPERATION ISSUES
6.2.1 Takeoff Reference Procedure

To clarify the definition of the reference takeoff flight path (presented
in ICAO Annex 16, Chapter 8, Section 8.6.2.l1.a and 8.6.2.1.f) it was
agreed that the firstr segment——level flight path, and the second segment-
—takeoff climb, should be represented as two straight lines intersecting
500 meters prior to the takeoff measurement point. It was also noted
that the best rate of climb (BRC) and the speed for best rate of climb
(Vy) should be certificated wvalues based on a minimum performance
scenario (1.e., variable torque engine, hot-day cooling requirements,
ete.).

The CAEP/1 Chapter B8, Section 8.6.2.1 ratified amendments are as follows:

al the helicopter shall be stabilized at the maximum takeoff power
corresponding to minimum installed engine(s) specification power
available for the reference ambient conditions or gearbox torque
limit, whichever is lower, and along a path starting from a point
located 500 m (1640 ft) prior to the flight path reference point,
at 20 m (65 ft) above the ground.

£ the reference takeoff path is defined as a straight line segment
inclined from the starting point (500 m prior to the center
microphone location and 20 m above ground level) at an angle
defined by Best Rate of Climb (BRC) and Vy for minimum
specification engine performance.

6.2.2 Takeoff Power
Revision of the takeoff procedure, to specify the use of minimum

specification takeoff power, was an issue raised during the HNMRP. As
stated in PC Paper #5 (Ref. 12), presented at the Paris HNMRP meeting:
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This revision should achieve a greater consistency in "test results for
rotorcraft of the same deasign type tested with different engines at
different ambient conditioms. The minimum specification torque
available at a specified ambient conditionm is a known power that will
not be affected by engine condition or actual ambient conditiomn. If
the reference power condition is stated as maximum takeoff power or
maximum continuous power, the actual power of use may vary by as much
as 20 percent between two helicopters of the same design type tested at
different ambient conditions. Such variation in power available used
for testing and resulting variation in test day airspeeds and rates of
climb could result in a particular type design showlng compliance with
nolse requirements in cone country, but not in others."

At CAEP/1 takeoff power was defined as requiring minimum specification
engine power, Chapter 8, Section 8.6.2.1.a) was revised as noted above
in Section 6.2.1.

6.2.3 Takeoff Procedures

During the HNMRP, a new method of performing the takeoff operation was
proposed which would link nodse test requirements more closely with
takecff airworthiness requirements. Thie proposed method is in contrast
to the current takeoff requirements, which are linked with en-route climb
Eerfurmance airworthiness certification requirements.

The following discussion and recommendation were abstracted from a paper
(Ref. 13) prepared by US FAA hellcopter alrworthiness expert Larry
Flaster (a technical advisor to the HNMRP Program Coordinator). The
paper delineated the reasons for considering the proposed regulatory
refinements.

"]. The current Annex 16, Chapter 8, takeoff performance requirements
are linked to the airworthiness en-route climb-out performance
demonstration. These airwerthiness tests establish Vy and the best
rate of climb.

"There exists another get of airworthiness testing requirements
pertaining to takeoff and landing. These requirements gquantify (and
certificate) different performance characteristics.

This "second set of performance requirements may be a better, or more
representative set of airworthiness requirements to utilize as the
basis for the takeoff noise certification test.

"2. An abrupt or rapid application of takeoff power at the 500 meter
point (rotation point) may result in an excessive nose-down attitude
for some higher powered models. This problem (would) be avoided by a
scheme using a takeoff power defined as hover power plus some
percentile as expressed in the takeoff demonstration airworthiness
requirement....

"Newer multi-engine helicopter designs such as the Bell 412, Bell
214ST, and Sikorsky S-76B cannot apply full takeoff power during the
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acceleration without achieving excessive nose down pitch attitudes to
remain outaside the height-velocity (H-V) diagram. To eliminate this
problem, manufacturers have been limiting the maximum power that cam be
used for takeoff to the power required to hover in-ground-effect (HIGE)
plus a delta percent torque maximum that may be added to the required
hover for takeoff acceleration for takeoff acceleration. (For example,
the Bell 214ST uses HIGE hover power plus 10 percent torque maximum for
takeoff.) Therefore, the power actually being used for takeoff is
slgnificantly less than rated takeoff which is approved for use hased
on structural and drive system considerations. However, the current
noige regulation specifies the use of maximum takeoff power which has
historically been interpreted as the drive system rated takeoff power
and not the takeoff power used to establish takeoff distances for
airworthiness certification.

"An additional factor which contributes to the current takeoff
reference profile not being representative of actual takeoff procedures
is the requirement to use Vy alrspeed. Transport category helicopters
establish a takeoff safety speed (Vtoss), for Category A takeoff
performance and/or a takeoff climb out speed (Vtoecs), for Category B
takeoff performance. The rotorcraft Flight Manual (RFM) takeoff
performance distances are based on the use of these reference speeds
not Vy. Vtoss and Vtocs are typleally 15 to 20 knots less than Vy.

"The combination of the two factors described above result in the
actual takeoff profile for helicopters in this category beilng much
shallower than the profile currently being used as a takeoff reference.

"Recommendation: Therefore it is recommended that WG II study the
practicallty of a future amendment to ICAO Annex 16, Chapter 8,
paragraph 8.6.2, which requires:

"1. The helicopter shall be stabilized at -

{a) For helicopters for which the determination of takeoff
performance is required by alrworthiness regulations, the terque
used to establish the takeoff distance for sea level, 25 degrees
Celsiusg ambient conditions;

(b} For all other helicopters, the torque corresponding to the
minimum installed power available for sea level, 25 degrees
Celsius ambient conditions;

and at the best rate of climb....

"2. The helicopter speed shall be maintained throughout the takeoff
reference procedure at -

(a) For helicopters for which the determination of takeoff
performance is required by airworthiness regulations, the speed
used to establish takeoff distance for sea level, 25 degrees
Celsius ambient conditions;
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(b) For all other helicopters, the best rate of climb speed Vy, or
the lowest approved speed for climb after takeoff, whichever is
the greater, for sea level, 25 degrees Celsius ambient conditions.

It was agreed at CAEP/1 that this concept would be examined as part of
the future WG II agenda.

6.2.4 Takeoff Profile

It was recommended at the Paris HNMRP meeting that the takeoff operation
diagram be modified to exztend from point B along a curved path not
co-linear with the reference path. The CAEP/1 ratified amendment to ICAO
Annex 16, Appendix 4 is as follows:

9.2.1 Takeoff Profile Note.- Figure 4-1 illustrates the reference and a
typical takeoff profile.

~ Reference
Altitude

r

T Ni 500 meters - 1M
K. -

%-————--Measurements made over this range

a) during actual testing the helicopter is initially stabilized in
level flight at the best rate of climb speed, Vy, at a point A and
continues to a point B where takeoff power is applied and a steady
climb is initiated. A steady climb shall be maintained throughout the
10 dB-down period and beyond to the end of the certification flight
path (point F).
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6.2.5 Implementation of the Takeoff Operation

At the Paris HNMRP meeting, it was proposed that point "B" of the
reference takeoff profile above be adjustable, as required, to stay
within the required reference window,

At CAEP/1 it was agreed that a new note be added to the end of Appendix
4, section 9.2.1 as follows:

Note.— The position of point B may vary within the 1imits allowed by
the certificating authorities.

6.2.6 Test to Reference Position Adjustment Limitations

At the Parls meeting, there was considerable discussion concerning the
issue of minimizing the adjustments from the test day takeoff f£light path
to the reference takeoff flight path.

The CAEP/]1 ratified amendment to Chapter 8, Section 8.7.5 1s as follows:

Adjustments for differences between test and reference flight
procedures shall not exceed:

a) for takeoff 4.0 EPNAE, of which the arithmetic sum of delta 1 and
the term -7.5 log (QK/QrKr) from delta 2 shall not in total exceed
2.0 EPNdB.

b)Y for everflight or approach 2.0 EPNdE.

It was also supggested, at the Paris HNMRF meeting, that a follow-on study
be conducted (with HNMRP data) which would develop guidance techniques
for determining when the 2 dB limit window is achieved during an actual
flight test.

6.3 LEVEL FLYOVER OPEEATION ISSUES
6.3.1 Flyover Reference Frocedure: Vh Defined

The goal of establishing a rigorous and identifiable level flyover test
gpeed for certification purposes arose early in the HNMRP. Freviously
there did not exist an airworthimess referenced Vh in the Annex, The
test speed was in essence established by manufacturer selection. Since
VNE is often not related to overflights, it was suggested that the wvalue
Vh, maximum speed in level flight, was a more appropriate reference value
to use, Difficulties were identified with the specific definition of Vh
and regulatory language was suggested for the purpose of nolse
certification testing.

The agreed CAEP/1 proposed amendment to Chapter 8, Section 8.6.3.1 reads
as follows:
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Note.— For nolse certification purposes, Vh is defined as the airspeed
in level flight obtained using the torque corresponding to minimum
installed, maximum continuous power available for sea level pressure
(1013.25 hPa), 25 degree Celsius ambient conditions unless a lower
airworthiness limit is imposed by the manufacturer and approved by the
certificating authority.

6.3.2 Test Window Established

With the elimination of the old Appendix &4, Section 9.1 "no correction
window," (see 6.5.3) certain operational envelopes were established as
test windows, specifically allowable RPM deviation, Below is the agreed
CAEF/1 proposed amendment to Chapter 8, Section 8.7.6.

During the test the average rotor rpm shall not vary from the normal
maximum operating rpm by more than £1.0 per cent during the 10 dB-down
time period.

6.3.3 Source Noise Adjustment

Early HNMRF evaluation of the source noise adjustment indicated that the
appropriate acoustical metric for source intensity should be PNLTm,
rather than EPNL as required by Annex 16 (CAN 7). The use of this metric
would avoid possible confusion in adjustments related to duration
effects.

HNMEP consideration of "Souree Noise Correction" began at the (March
1985) Tokyo meeting with the intent of refining the CAN 7 source noise
adjustment requirement to account for speed, temperature and rotor speed
deviations from reference conditioms. After several redrafts, the final
versicn adopted allows the applicant the flexibility to use elther
advancing blade tip Mach number or another correlating parameter,
whichever relates best to source neise (PNLTm).

At CAEP/1 there was still considerable debate concerning how to specify
source noise correction requirements. It was acknowledged that further
work was needed to understand and explain the varisbilities in some of
the HNMRP test results. It was also acknowledged that the blade-tip Mach
number versus PNLTM relationships which were used in the repeatability
tests may be improved upon. Nonetheless, many HNMRP participants found a
consistent dependency between noise level and advancing blade tip Mach
number.

The following is the CAEP/l ratified amendment (Appendix &, Section 9.5).
For overflight, if any combination of the following three factors:
1) airspeed deviations from reference,

2) rotor speed deviations from reference,
3) temperature deviations from reference,
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result in an agreed nolse correlating parameter whose value deviates
from the reference value of this parameter, then scurce noise
adjustments shall be determined from manufacturers data approved by the
certificating authorities. This correction should normally be made
ueging a sensitivity curve of PNLTM versus advancing blade tip Mach
number; however, the correction may be made using an alternative
parameter, or parameters, approved by the certificating authority.

Hote 1.- 1If it is not pessible to attain the reference wvalue of
advancing blade tip Mach number or the agreed reference noise
correlating parameter then an extrapolation of the sensitivity curve 1s
permitted providing that the data cover a range of nolse correlating
parameters agreed by the certificating authorities between test and
reference conditions. The advancing blade tip Mach number or agreed
noise correlating parameter shall be computed from measured data. A
separate curve of source noise versus advancing blade tip Mach number
or another agreed noise correlating parameter shall be derived for each
of the three certification microphone locations, centerline, sideline
left, and sideline right, defined relative to the direction of flight
on each test run.

Note 2.- When using advancing blade tip Mach number it ghould be
computed using true airspeed, on-board outside air temperature (DAT) ,
and rotor speed.

CAEP/1 further agreed that research into the parameters influencing and
varying helicopter noise during level overflight is an appropriate item
for the future work program of the CAEP.

6.3.4 Speed Duration Adjustment Through the Use of Sensitivity Curves

It was recommended at the October 1985 WG II meeting that sensitivity
curves be developed to adjust for ground speed duration corrections using
the same data from which source corrections were developed. The proposal
essentially stated that sensitivity curves should be used when the
necessary data is available, rather than using the algorithm 10 log Vt/Vr
for ground speed duration correctionm.

This proposed amendment was eventually tabled at the Paris HNMRP meeting,
but is a topie for further study.

6.3.5 Level Flyover Reference Temperature

In order to achieve a consistent set of reference temperatures for all
corrections and adjustments (including reference performance, source
noise corrections and atmospheric absorption), it was recommended (during
the Washington HNMRP meeting) that a 15 degree Celsius temperature be
adopted for all applicatlons.

At the Paris HNMRP meeting, after much discussion, this proposal was
reversed in favor of retaining the 25 degree Celsius as the reference
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temperature for certification testing applicable to the level flyover
operation.

The current set of reference temperatures is:

Source Noise Correction: 25 degree Celsius
Absorption Adjustments: 25 degree Celsius
Level Flyover Performance: 25 degree Celsius

6.4 APPROACH OPERATION ISSUES
6.4.1 Approach Window Established

As part of the decision to drop the "nmo correction window", certain
testing envelope constraints were introduced. & limitation of 0.5
degrees around the six degree reference approach angle was imposed.

At CAEP/1 the following amendment was ratified as an addition to the
Chapter 8, Section B.7 test procedures.

8.7.9 During the approach noise demonstrationm the helicopter shall be
stabllized and followlng a steady glide slope angle of 6 degrees *0.5
degrees.

6.4.2 Blade Slap on Approach

In discusslons at the Parls HNMRP meeting, French participants cited test
results which showed a greater tendency for blade slap to occur when the
test speed exceeded the reference speed. It was observed that while this
phenomena is surely helicopter specific, it may be appropriate to
incorporate a cautionary note in an appendix of Anmex 16.

While no specific amendments pertaining to approach speed were ratified
at CAEP/1, it was recommended that the "completion of a study on the
issue of speed control on approach" be taken up as a future work topie.

6.5 OTHER ISSUES
6.5.1 Analysis System Detector/Integrator Response Criteria

It was found during the HNMRP data evaluation that the need existed for
the establishment of a2 more rigorous criteria defining SLOW dynamic

Tesponse.

A requirement was adopted for a rigorous onset and decay performance test
easily attainable by modern equipment. This requirement specifies 4
response test points rather than the two required by IEC-179.

For scenarios in which a SLOW dynamic response is simulated from discrete
one-half second sound level samples, use of a finite set of retrospective
weighting coefficients 1s mandatory.
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The following proposed amendments, which address both topics, were
ratified at CAEP/1.

Appendix 4, Sectiom 3.4.1:

The requirements relating to the analysls system are those of Appendix
2, Section 3.4, except for the response characteristies which are
defined in Appendix 4, 3.4,2.

Appendix 4, Sectiom 3.4.2

For each detector/integrator, the response to a2 sudden onset or
interruption of a constant sinuspoidal signal at the respective
1/3-octave band center frequency shall be measured at sampling instants
0.58, 1ls, 1.5s and 2.0s after the onset and 0.5s and 1.0s after
interruption. The rising response at 0.58 shall be =4 *1 dB, and at ls
~1.75 #0.5 dB, at 1.58 -1.0 0.5 dB, and at 2s -0.5 #0.25, relative to
the steady-state level. The falling response shall be such that the
sum of the decibel readings (below initizl steady-state level) and the
corresponding rising response reading is 6.5 %1 dB, at both 0.55 and ls
and on subsequent records the sum of the cmset plus decay must be
greater than 7.5 decibels.

Note l.— For amalyzers with linear detection an approximation of this
response would be given by:

Weighting Coefficients for Simulation of SLOW Response

Current (L1} one-half second record: 33%
Previous (Li-1) one-half second record: 24%
Second (Li-2) one-half second record: 213%
Third (Li-3) one-half second recard: 173

0.1L1-3 0,112

Where: SPL = 10log [ (0.17 (10 ) + 0.21 (10 )

0.1Li-1 0.1
+ 0.24 (10 Y + 0.33 (10 33

It should be noted that when this approximation is used the calibration
signal should be established without this weighting.

One member suggested that the Intermational Electrotechnical Commission
(IEC) should be asked to adopt these characteristiecs. The proposed
rewording would alter the rising response characteristics and provide two
falling response requirements.

£.5.2 Dated Noise Analyzers
It was observed during the HNMRP testing that differences in the measured
values on the order of 0.5 to 0.7 dB could result from differences in the

response characteristics of the analysis system used. Since all of the
analyzers used could meet the Amnnex 16, Appendix 4, Section 3.4 dynamic
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reaponse characteristics, it was agreed that the detector/integrator
characteristics should be redefined to eliminate this source of
variability. As such, the incorporation of a note to discourage further
use of older technology noise analyzers with comparatively slow sampling
rates, which yield higher noise levels, was agreed to.

The proposed amendment to Appendix &4, Section 3.4.2 below was ratified at
CAEP/1.

Note 2.- Some analyzers have been shown to have signal sampling rates
that are insufficiently accurate to detect signals with crest factor
ratios greater than three (common to helicopter noise). Preferably
such analyzers should not be used for helicopter certification. Use of
analysis systems with high signal sampling rates (greater than 40 KHz)
or those with analog detectors prior to digitalization at the output of
each 1/3-octave filter is encouraged.

6.5.3 "No Correction Window" Deleted

Discussions at the Paris HNMRP meeting focused on some structural
problems within the existing Annex 16 test and no correction window
requirements. These provisions specified the permissible testing
envelope and certain combinations of environmental and flight conditions
for which data adjustments were unnecessary.

At Paris, and subsequently at CAEP/1, there was considerable debate
concerning adjustments te flight test results. The following are
excerpts from the CAEP/l report.

"Working Group II previously recommended deletion of the so-called "no
correction window" which allowed completion of flight tests within
certain tolerances in mass, flight path, alrspeed, rotor RPM, and
ambient temperature and humidity without requiring adjustment from test
to reference conditions. Some members advocated retention of the "no
correction window", based on their contention that sensitivity curves
would otherwise have to be developed, flight time requirements for
noise certification would increase appreciably, and costs would rise
slgnificantly. Other members disputed the validity of the predicted
cost increases, stating that costs would only increase on the order of
5 to 10Z and held that the benefits justified added ecosts of that
magnitude.

The perspective that dominated the CAEP/1 thinking was that the "no
correction window" really was in fact a set of conditions that should
have been specified as test window boundaries. The sentiment was
therefore to eliminate the no correction window and transfer appropriate
boundary conditions to a newly established test window.

6.5.4 Test Windows Established

At Paris, and again at CAEP/1l, it was suggested that Chapter B lacked
certain esgential test constraints which could reduce possible sources of
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variability in noise levels. After debating the issue, the Committee
agreed to specify limitations on helicopter mess, flight path and rotor
EPM for noise certification.

These limitations, centalned in Chapter 8, Sections B.7.6 through 8.7.10,
were ratified at CAEP/l. Proposed sections 8.7.8 and 8.7.10 are
described below. Sections 8.7.6 and B.7.9 are detailed sbove in the
level flyover and approach sections.

B.7.8 The helicopter shall fly within #10 degreeg from the vertical
above the reference track through the center reference noise
measurement position throughout the 10 dB-down time period.

8.7.10 Tesets shall be conducted at a helicopter mass mot less than
90 per cent of the relevant maximum certificated mass and may be
conducted at a mass not exceeding 105 per cent of the relevant
maximum cerctificated mass.

6.5.5 Allowable Deviation in Sideline Elevation Angle Psi

This issue essentially embraces another type of source nolse correction,
the change in acoustical intensity with the direction of radiation.

During discussions at the Paris HNMEP meeting, the group agreed that the
nolige emission directivity angle is very important and will most
certainly affect final results. It was further agreed that the Paris
proposed amendment to Appendix 4 (below), ratified at CAEP/1, 1s only a
cosmetic solution and will not solve the real problem. Recognizing that
the proposed amendment below does not solve the problem, it does,
nevertheless, recognize officiazlly the existence of the problem and is
considered a first step toward an ultimate solution.

9.1.2 Adjustments to the measured noilse data shall be made ...

9,1.2.¢) the adjustment procedure described in this section shall apply
to the sideline microphones in the takeoff, overflight, and appreoach
cases. Although the noise emission is strongly dependent on the
directivity pattern, variable from one helicopter type to another, the
propagation angle Theta, defined in Appendix 2, 9.3.2, Figure 2.10,
shall be the same for the test and reference flight paths. The
elevation angle Psi shall not be constrained as in the third note of
Appendix 2, 9.3.2, but must be determined and reported. The
certification authority shall specify the acceptable limitations on
Psi., Corrections to data obtained when these limits are exceeded shall
be applied using procedures approved by the certificating authority.

As a post script on this topie, the French delegate proposed that
optional sensitivity curves be developed and utilized for sideline
elevation angle adjustments. It was further suggested that members
experiment with techniques for acquiring the necessary informatiom in the
most efficient manner in terms of data runs and microphone location. It
was hypothesized that while greater cost is involved at the onset, with
future derivatives, costs will likely be recouped.
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6.5.6 Optional Sensitivity Curves for Adjusting Data

Discussions at both the Washington and FParis HNMRP meetings included the
topiec of optional sensitivity curves as a meane to implement data
adjustments, rather than the current Anmnex 16 adjustment algorithms. The
following 1s the proposed amendment to Appendix 4, Section 9.1.2 ratified
at CAEP/1.

Note Z.- Adjustments of noise levels for test to reference conditions
may be made, subject to agreement by certificating authorities, by the
methods of this section. The correctlons are derived from sets of
curves linking the instant at which the PNLTM is emitted for each
reference procedure with appropriate parameters, for example:

a)  the helght, average ground speed, and advancing blade tip Mach
number for flyover;

B the glide slope and height for approach;

c) the height, torque, and ground speed for takeoff.

The sensitlvity curves shall provide noise level variations as a
function of the parameter for which a correction 1s necessary.

6.5.7 Technical Manual

At the Paris meeting, the HNMRP participants recommended to WG II that a
Technical Manual Committee (or Technical Issue Group) be established to
specifically follow up on residual issues from the HNMRF.

The "CAEP/] Report on Agenda Item 1" (helicopters) charged CAEF with

"continued evaluation of issues leading to and arising from the
Helicopter Nolse Measurement Repeatability Program."
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7.0 EFNL MULTI-NATION COMPARISON DATA

This section contains EPNL multi-nation summary comparison data for the
takeoff, approach and level flyover operations. A complete reporting of the
multi-nation comparison data can be found in Appendix A. The information
contained In this section and in Appendix A provide an important investigative
tool for the exploration of why differences exist in reported data. These
data, along with the potential future analyses outlined in at the end of this
report, represent the primary research instruments for HNMRP follow=-on Working
Group IT (1987-1990) activities designed to further explore questions
concerning helicopter noise certification repeatability.

Please note that all UK level flyover data was corrected with a delta 3

correction referenced to 15 degrees C, All other teams used delta 3
corrections referenced to 25 degrees C.
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MULTI-HATION COMPARISON ANALYSIS
TRKE-OFF EPNL DATA EXPRESSED IN DECIBELS (4B) Table 7.0.A

LEFT  CEMTER LINE  RIBHT
BIDELINE CENTER SIDELINE 3 AIC §Th TERM TEST

PARTICIPANT AYERRBE RVERRGE AVERAEE AYERABE DEY §0% C.1. AYERABE AYERREE
AUSTRALIA B7.B% 89,35 B7.63 | BB.35 0.3% [ B BE.75 #B.35
JAPAN-PILOT 1 E8.80 BB.90 Be.%0 | BA. 90 0.3 0.20 - 1 88,50 86,590
JAPAM-PILOT 2 Ba. 10 ®0.00 BE.7D | 88.90 0,50 0.30 |
FRANCE-AERD 8570 BE. 40 F. A0 | &7.20 0,64 L ado | 87.20 B4.33
FRAMCE-STHA L LY B7.30 B4.30 3 85,50 0.4 0.30 1 g5, 50
ITALY KA KA Ha WA KA WA

i i
FRE-PILOT | B3.30 B&. &0 Be. 10 &h, 10 0,30 030 Bb. 0% Be.3H
FRE-PILOT 2 Ba. 30 B3.70 Ba.20 3 Bo. 0% .10 0.00 %
EE-PILOT | Ba. 00 g7.30 BL.&0 | Bh. 50 0.40 0.3 | BE. 70
UE-PILOT 2 B4, 40 B4, &0 g7.20 | 8t.B0 0.20 L 1 R
CAMADR-FILAT 1-1 B1.74 B7.35 g7.75 | B7. 42 9.17 0.29 | B7.53 B7.35
CARADA-PILAOT 1-3 T B7.10 B5.53 | B7.1% (.08 0.35 &
CANADA-FILOT 2-} B7.7% BE. l& Bs.03 | 7.5 0. 686 1.45 1
CAMRDA-PILOT 2-2 B&. 94 B9. 73 B7.65 | B7.5%% .52 1.56 |
UE-PILOT 1-1 B&. 90 Ba. 70 B&. 20 | 8. &0 0,31 02| g7.25
Us-PILOT 1-2 B7.40 . 40 B3.50 | Ba. &0 i, 23 .23 |
US-pILOT 2-1 .30 B7.70 Bb. 50 1 &7.20 0,55 0.4 |
US=PILOT 2=2 89,00 89,40 B7.30 | BE. &0 .43 0.52 |
AYERABE 87.12 B7.7% B&.B3 B7.24 0,41 0.43 4 B7.1% B7.47
STD DEY 1.22 1.28 0 1.02 .15 0,42 | 1.12 145
g6t C.1. 0.77 0.80 0.7 1 .2 0,13 4.27 1 L .33
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MULTI-KATION CGHPARISON ANALYSIS Tab IE ?-O-B

APFROACH EPWL DATA EXPRESSED EN DECIBELS !dB)

LEFT CENTER LINE RIEHT

SIDELINE CENTER SIDELINE JHIC 510 TEAH TEST
PARTICIPANT AVERABE AYERABE AVERRAGE AVERAGE DEV LY R AVERRBE  AVERABE
AUSTRALIA 87.46 %3.82 91,51 | 90.93 0.98 .66 | 70.93 99,97
JAPRN-PILOT | 89.30 73.30 F0.70 | 91.20 0.80 0,60 | §1.40 71,40
JAPAN-PILOT 2 89.70 93,70 §1.50 §l.60 0.80 0,30 |
FRANCE-AERD Bb, L0 72,30 B9.40 | #9.30 0.p4 .42 | 89.30 BE. 24
FRANCE-STHA 85.00 F1.40 88.70 B8, 37 .50 0.40 | BE. 37
ITALY H i WA WA A HA
FRE-PILOT ! 8. 90 52,30 BY.10 B9. 30 0,40 0.40 | BY.55 B9.53
FRE-PILOT 2 B6.30 92,08 B9.%0. | 89.60 .50 0,40 1§
UE-PILOT | 86,20 92,30 B.90 B9.5 0,30 0.40 i H7.30
CANADA-PILOT 1-2 B&. 97 92.%2 o8l § 90,57 0.13 0.08 | 90. 49 70,34
CANADA-PILOT 2-1 87.27 93.38 REIT 90.81 0. &1 .03 1
US-PILAT 1-1 B7.20 97,50 71,40 | 90, 2¢ (.55 0.4 | 90,20
Us-PILOT 1-2 Bh. 90 gz 90,40 | §0.00 .41 0.37 |
Us-PILOT 2-1 Bo. 40 92,40 90.80 | 30. 10 0.7 0a0E &
Us-PILOT 2-2 B7.10 72,80 91.40 | 50,50 g.32 0.35 |
AVERRABE B7.06 92,78 90,35 | 90. 18 0.8l 0.58 | B7.9%7 79,21
510 DEV 1.2l 0. bk 1,02 0.86 0.21 030 | 1.00 1.04
a0t C.1. 0,84 0.47 075 | .41 0.13 0.2 | 1.04 1.7¢
EPNL 3 MIC AVERAGE & STD DEVIATION
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HULTI-NATION COMPARISON ANALYSIS
LEVEL FLYDVER EPHL DATA EXFRESSED IN DECIBELS (dB!

Table 7.0.C

UK delta 3 calculated at 15°C

LEFT CENTER LINE RIGHT
SIDELINE CENTER SIDELIHE 3 HIC 510 TERH TEST
PAATICIPANT BVERLRE AYERAGE RVERABE AVERARE LEY 90% C.1. RYERARE AVERAGE
AUSTRELIA g8.82 ag, 87 ar.42 | B3. 85 0,72 0.3% | BE. 45 B8.65
JAPAN-FILET E=1 .10 89,10 BE.40 | 89,20 0,40 050 1 £9.03 B9.03
SAPAN-PILOT -2 0. 80 88, 2¢ 8480 1 BE. 40 0.40 0.70 |
JAFAR-PILAOT 2-1 7. 40 a4, 44 B9 B8, 90 0,40 i
HAPAN-PILET 2-2 §1.50 a9, 10 gr.70 B9, 40 3,40 .50
FRANCE-AERD BY.60 g, 40 B&. 80 | 87.70 0.3 0043 | BY. T Bh, 65
FRANCE-STHA 85,30 87,30 8.9 85, &0 0,40 0,50 | B3. 40
ITARLY K HA N i A H& NA~ §
FRE-FILOT 1 Bb. b0 BR.20 24,00 8b, &0 0,30 0,200 § AL, 80 Br.20
FRE-PILOT 2 25,730 85,71 83,40 | 87.20 0,30 .30 3
-PILOT 1 89, 10 49,010 B5.20. 1 g7. 40 0,23 [ e B g7.80
CANRDA-PILOT 1-1 BE.39 8R. &7 BR. 34 1 B3.54% ¢.22 0,21 1 EH. 44 87.79
CAMADA=PILOT 1-2 B8.55 ga, 28 B7.2% 1} BE. 107 .58 0.68° ¢
CANADA-FILDT 2-1 B7. 48 B8.77 BE.12 | Bg, 14 0.4 208 )
CANATA-FILET 2-2 89,42 £B.58 8. | 28,98 0,4z 1 Bl
Us-PILET -1 87.30 84,80 B30 ) B&. 80 0,24 0,21 4 87.15
US-RILAT 1=2 81700 87.70 8530 ! 87,20 0.1 L S
US-PILOT 241 87,30 87.30 Ba.200 | 87.00 0.30 0,23 &
US-FILOT 2-2 8H. o 87, 0D 8.3 | 87,40 0.45 0.30 A
BYERAGE gd.43 88,37 ab. 85 | B1.8% .39 0.48 4 B7.54 BY.84
5TD DEY 1. &3 0.83 1.3 | 1.02 014 0.4 | JBELE 0,99
90 Ll 0,99 0, 50 0.82 | &.62 0. 09 0240 1 1T 1.55
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8.0

MULTI-NATION COMPARISON ANALYSES

Within this section a summary of the HNMRP results and findings are presented
in Section 8.1 and the "Multi-Nation Comparison Analyses" are presented in
Section 8.2,

B.1

R |

SUMMARY OF RESULTS AND FINDINGS

Summary of Findings

Two principle conclusions can be stated as a result of the HNMRP:

1)

2)

The requirements of ICAO Annex 16, Chapter 8 and Appendix 4 (with the
incorporation of the CAEP/l proposed changes) provide a consistent and
repeatable methodology for noise certification of helicopters.

The random aggregate variation, resulting from numerous independent
sources of variation, leads to a standard deviation of approximately 1
dB for the EPNL metric.

Other program findings include:

4

Within a given test program and a given test series the acoustical data
are quite repeatable and statistieally well behaved. (See Section
B.2,1)

Within a glven test program pilot to pilot differences are generally
1nsipnificant. (See Section 8.2,2)

Test day to test day differences are generally very small for the same
helicopter and the same data acquisition team. (See Section 8.2.3)

Differences do exist between measurement programs possibly suggesting
that differences may exist between one helicopter and the next of the
same make and model.

For the test helicopter, approach operations are very repeatable and
not apparently influenced by the degree of guidance provided. (See
Section 8.2.5)

The Bell manufacturer's "Quiet Approach" procedure results in lower
noige levels (approximately 2 te 4 EPNdB) than the ICAD 6 degree
approach operation, (See Section 8.2.6)

Alternative approach operations nolse levels vary from the ICAQ 6
degree approach operation nolse levels., (See Section B.2.6)

The ICAD 6 degree approach operation for the 206L-1,3 produces distinct
left-right directivity patterns. (See Section 8.2.7)

Though the approach operation appears repeatable in this program, one
program participant observed that another helicopter type might exhibit
greater variability if the certification flight test regime for that
model encroached on & sensitive blade vortex interaction region.
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B.1.2 Summary of Results

Table 8.1.A below is a summary of the overall individual operation metric
multi-nation summary data comparison tables in Appendix A. 1Tn Table B.1.A the
3-mic average multi-nation mean values are presented along with the standard
deviation and 90% confidence interval (CI) values denoting the variation among
the participant teams. The standard deviation and confldence interval dats
reveal the fundamental wariability in the nolse certification process as
ocbserved in the HNMEP.

TABLE 8.1.A
PROGRAM AVERAGE 3-MIC NOISE LEVELS

APPROACH TAEKEQFF LEVEL FLYOVER
EPNL 90.16 87.26 B7.89
STD.DEV. +61 4l .35
90% CI .58 L43 «49
PNLTH 80.43 B8.27 89.64
STD.DEV .73 L3l + 39
90% CI 72 <54 50
SEL Bb6.79 83.20 83.15
STD.DEV. .48 42 «37
90%Z CI 45 »ab 48
ALm 76.80 73.08 74.75
STID.DEV. . b6 50 47
90% CI .56 1 Jhb

B.2 MULTI-NATION COMPARISON ANALYSES
8.2.1 Statistieal Stability of the Results

Within a given test program and a given test series the acoustical data are
quite repeatable and statistically well behaved. The statistical
repeatability of each team's 3-mic average results are shown in Tables B.2.A
through 8.2.C. These tables show the standard deviations and 90 % CI walues
each team arrived at in determining the averages of the 3-mic averages.

8.2.2 Pilot to Pilot Repeatability

It has been speculated that variation in measured helicopter noise may be
associated with pilot technique. In order to examine pilot to pllot
differences the HNMRP test plan called for identical flight operations to be
flown by two different pilots.
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Two pilots repeated operations in three of the test programs. (In the
US/Canadian test each pilot flew a second time on a different day, for a total
of four repeats of the core operations). Tables 8.2.D through 8.2.F present
J-mic average data for each pilot, the delta between pilots in a test and the
average of the deltas. As seen in the tables (ome for each operation), pilot
to pilot differences are extremely small and in general not statistically
gignificant.

8.2.3 Test Day to Test Day Repeatability

Another issue related to certification testing is the day to day repeatability
of operations by the same pilot. The analysis of any variance between
operations conducted by the same test group, at the same location, with the
game helicopter and the same pilot should point out meteorological influences
on noise data (if all instrument influences remained the same).

The only program able to examine this subject was the US/Canadian test
program; the entire core program was conducted by two different pilots on two
different days. Tables B.2.G through 8.2.1 are summaries of the relevant
data.

Statistical analyses for significance were performed on this data and in
general the differences from one test day to the next are not significant.
However, there is an exception in the case of the second pilot second
vccurrence, for takeoff and level flyover. The data associated with these
series—both meteorological data, flight test and noise data—are candidates
for further study.

B.2.4 Program to Program Repeatability

Again, noting that there was general repeatability from program to program,
the opportunity remains to investigate observed differences and explore
whether or not the certification process can be further improved.

To further examline program to program repeatability one team took measurements
at two test programs; the US test team participated, not only 1o the
US/Canadian test program, but also deployed one (l.2m) measurement system at
the centerline-center site during the joint French/Italian test.
Unfortunately, the US data measured at the French/Italian test has not vet
been fully corrected and thus cannot be compared to fully corrected US data
from the US/Canadian test. This, however, would be a very interesting area
for future study,

8.2.5 Guided Versus Ungulded Approach

The guestion of whether or not the degree of guidance provided during an
approach operation might influence resulting sound levels was railsed during
the A-109A program (a predecessor to the HNMRP). It was suggested in that
program that too much guidance might result in over-controlling, which in turn
would result in transient loads on the rotor system and create variatiom im
sound levels. In order to explore this concern, the HNMRP test plan requested
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incorporation of guided approaches (where pillots would receive both verbal and
visual flight path guidance) and unguided approaches (where pilots would be
limited to an approach initiation point--altitude at a given position--,a
descent rate, and an airspeed).

48 shown in Table B8.2.J, gulded versus unguided approach operation results
show that differences in approach guidance were in general not statistically
significant for the Bell 206L-1 (-3), and thus apparently not influenced by
the degree of guidance provided. It should be noted, however, that the stable
nature of the approach characteristics of the Bell 206L-1 (-3) may have lead
to the low scatter between guldance methods and that other helicopter types,
with different characteristics, may produce different results.

8.2.6 Approach Angles Examined

This section contains three tables (8.2.K, 8.2.L and 8.2.M}, each comparing
noise levels for the six degree ICAQ approach operation with an alternative
approach operation (the Bell "Quiet" approach, a nine degree approach, and a
six degree Vy+20 approach). The results demonstrate that for the Bell 206L-1
(-3) helicopter the six degree ICAO operation is on average 2 to 3 dB louder
than the alternative operations. These results (along with other reported
noise measurement flight test data) confirm that the ICAO approach operation
is, generally speaking, a worst noise case flight regime which is consistent
with the intent of the authors of ICAD Anmex 16. The subject of altermative
approach procedures for noise certification has been recommended for further
consideration by Working Group II.

8.2.7 Left Right Directivity

Source radiation "left-tight" directivity patterns present a "fingerprint" of
the acoustical radiation characteristics of the test helicopter for the ICAQD
certification operations. In theory these "fingerprints" should not differ
significantly from one test to the next, However, the results of this
analysis can be very useful in discovering whether one model of the test
helicopter is intrinsically different from another model, or whether ambient
wind conditions or other extermal forces are intervening creating divergence
in relative left-right side noise levels, and possibly overall certification
levels.

The data "fingerprint" plots and data tables are presented in Appendix A. The
plots are presented overlaid on top of one another in groups which are
generally similar, This format, while somewhat busy, is essential in
providing a visual inter-program comparison. Legends accompany each plot
identifying the program participant and/or series repetition. The plots
provide a great deal of instant insight into which test program's data
deviated "in form" as well as in level. That is to say, a data set which had
a three microphone average on the low edge of the scatter band but had a
directivity pattern very consistent with other test programs is in many ways
less anomalous than a set with a mean value in the midst of the data scatter
but with a distinctly different directivity pattern.

It is important to note that for the certificatiom metric, EPNL, overall
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repeatability was excellent. At the same time, an important cpportunity
exists to examine the differences which were observed. It should be possible
in future analyses of the HNMRP data to probe some of the team to team
differences observed within a given test program where different measurement
teams were working side-by-side.

8.2,8 Ground and 1.2 Meter Microphone Data Compared

The purpose of comparing ground and 1.2 m microphone data measured at the same
site is to establish whether ground surface characteristics or microphone
placement may be areas of concern in attempts te isclate variation in HNMRP
data. The end product of such a comparison is to determine if similar or
dissimilar ground impedance exists, inm turn indicating a source of biag either
does or does not exist.

Tables B.2.N, 8.2.0, and 8.2.P provide summary comparisons of ground minus 1.2
meter microphone noise level differences for the three certification
operations. The tables show that, in general the results are consistent.

8.2.9 Static Flight Idle

The objective of the statiec analysis is to remove the complexity of forward
flight effects and examine whether gross differences in source characteristics
are apparent. The discovery of significant differences in directivity and/or
sound level may Indicate to investigaters that envirommental or source
emigsion idiosynerasies are present in one test program or the other. The
analyses In this section focus on the statiec flight-idle operation. Other
static operations were conducted In several of the test programs and may be
the topiec of future WG IT (1987-1990) analyses.

Acquisition of repeatable and stable static data is at times a difficult task
because of the temporal and directive fluctuations in sound levels coupled
with the anomalies of sound propagation along the ground plame. In order to
compensates for these instabilities the test design called for measurement of
the time averaged A-weighted sound level (LEQ), over a 60-second period.

Data samples were to be acquired for acoustical emission directivity angles
established every 45 degrees from the nose of the helicopter (zerc degrees),
in a clockwise fashion. In addition, it was recommended that data be acquired
for two separate propagation paths, one a nominally level "soft" path (a
ground surface composed of mixed grasses), the other a hard path (a ground
surface which is highly reflective and uniform in composition).

Results of static tests are summarized in Table B.2.0Q and Figure 8.2.A for the
"hard" propagation path scenario and in Table 8.2.R and Figure 8.2.B for the
"soft" propagation path scenario. As with the left-right directivity plots,
the static plots are presented overlaid in similar groups.

During the variocus phases of the HNMRP there were discussions concerning the
acquisition of static data, below is & summary of ohservations made during
these discussions.
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1. It 1s evident that an isothermal condition with no wind would be the
preferred condition for assessment of static data.

2. It was cobserved that hover in ground effect operations are prome to
wide wariation in levels (15 dB for certain helicopters) over a
30-second time interval,

3. It was pointed out that positloning of the aireraft, relative to the
microphones,--particularly during the tail-on conditions--will need to
be carried out wvery carefully teo avoid systematic errors in mapping the
directivity curves.

4, It was noted that there are several physical phenomena that influence
the diminution of sound over the ground; among which spreading loss,
excess ground attenuation and refraction are considered dominant im
controlling propagation.

5. It was observed that the presence of temperature imversions can result
in a shadow region.

6. It was noted that micrometeorlogy, the rate of surface heat loss, the
gpecific heat of the ground surface, the rate of heating for the
diggimilar surfaces and test site wind conditions may play significant
roles in influencing static test results.

7. It was further noted that, as suggested in a number of working papers
submitted by Poland and the USSR over the past several years, the
gcatter in the reported data provide some indication of the difficulty
one might encounter in a sound intensity static operation certification
process.

8.2.10 Meteorological Data

Figures 8.2.C through 8.2.E show the wide range of test conditions under which
the noise measurement test results were achieved. Given the general
repeatability of the HNMRP multi-nation comparison data, it would appear that
the temperature and relative humidity data are not a significant factor when
the data are corrected to the "standard acoustical day," 77% RH, 25 degrees

Celsius.

4 more thorough presentation of meteorclogical data is given in Appendix B
where the specific meteorological conditions under which each test was

conducted are identified.

92



Section 8.2

Tables and Figures

UK delta 3 calculated at 15°C

23




Table 8.2.A

STATISTICAL REPEATABILITY OF 3-HID AVERABES
THEE-OFF DATH EXPRESSED IN DECIBELS (dB)

_____ EPRL__ T == RELSSES — Cfikm

510 570 5Th T
FARTICIPANT nEY a0% L. 1. BEY 701 C.1. BEV 70% E.1. DEY {1
AUSTRAL [4 0,28 0,17 0,48 0.21 H4 HA G.&2 .27
JAPAM-FILOT ! 430 4.20 0,32 0.20 A HE HA Wi
JAPER-PILOT 2 .30 .30 .58 .33 HA Mg Ma Na
FRAMCE-AERD (.44 £.53 0,85 871 H A KA WA
FRAMCE-ETHA i, 4 i, 30 .50 40 i, 30 ¢.20 0,30 0.20
17aLY HA WA HA M W Na & N
FRE=FILOT | .30 0,30 0,30 0,30 030 .30 1,30 (.30
FRE-PILOT 2 10 3.00 .20 0.10 0.20 3.20 0,40 .40
UK=PILOT 1 .40 {4,308 04,30 .30 0.30 0.3 .30 ¢.30
UE-PILOT 2 0,3 0,240 0, 30 30 0,30 0,70 0,480 0.580
CANAGA-FILOT 1-1 0,17 0,29 0.5% 0,23 0.32 .54 .08 0.14
CANADE-PILET -2 3,08 (.38 4,02 4,07 §.78 1,14 0,03 g.14
CANADS-PILOT Z-1 0.8 1,45 079 1.1 0.9 1.53 0,82 |.38
CANADA-PILOT 2-2 0,92 I, 38 b3 23 0,87 L.47 1.29 208
Us=-FILAT 1-! 0,31 0,21 0.55 0,37 0.25 0.§7 0.45 (.30
U5-PILAT -2 4,75 0.23 0.18 .17 0,24 0.23 0,43 0,41
US-FILOT 2-¢ .39 .44 ih.49 i34 0,45 .48 0.42 o, 43
Us-RILOT 2-2 0.43 0.52 .84 .71 i, 58 .48 0.73 0,80
AYERAGE 0.4l 0.43 g5l 0,54 0,42 0,38 .50 .54
STI DEV 0,25 0,42 0,32 0,35 0.25 .49 0.32 0,536
oy L1, 0.135 0,27 0. 24 .35 g.18 0.37 0.23 a.40
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Table 8.2.B

STATISTICAL REPEATABILITY BF 3-HIL AVERABES
APPROACH DATA EXPRESSED IN DECIBELS (dE)

EFHL FHLTa LBEL Ala

570 510 70 51D
FARTICIPANT oEY 904 C.I. DRV paF R 1o ¢ LEY O L.10 DOEY LAl

EECOTSOCOCT oo oS E o m s m s s e e

EETESECTIoECCoICIZCooInzz==sz==s SEETESSSEEEEES

AUSTRALTA 0.%8 .88 L1l b.74 N L Il 0.74
JAPAN-PILOT ! 0.80 .80 0,38 0.28 He N M4 HA
JARAN-PILGT 2 0.80 0.50 0,564 0.3% HA N HA NA
FRANCE-RERD 0,84 1.42 .22 2.95 Hi i1 H Ni
FRANEE-STHA 0.60 0,40 1,80 S .60 .30 L.z 0.70
ITALY N Ké ] HA HA HR HA HA
FRE-PILOT ! 0.6l .40 0.6l 0,40 .8 .30 0.50 .30
FRE-PILOT 2 .50 .44 0. 80 0,70 0,30 0.30 .30 0.40
UE-PILOT | 0,30 .40 0.80 0.70 0.5 0,40 0.3 0.7
CANABA-PILOT 1-2 13 0,38 0.32 1,4 0.13 0,38 6,12 0.53
CANADA-PILOT 2-1 0,41 L3 0. 24 0.43 0,30 0, B4 0,47 0.7%
Us-FILOT 1-1 0,53 0,40 0.87 0,50 0,53 0.3 0.82 0.5
Us=PILOT 1-2 6.4l 0.3% 0,38 0.3 .38 g, 34 0,49 0,45
US-FILOT 2-1 . .52 .58 f.42 0.63 U468 0. 34 0.40
U5-PILOT 2-2 g.a2 0.35 0.43 0.2 0.44 | .36 0.3

AVERABE 0.8 0,38 0.7 b.78 0.48 .45 0.hk 0,556

570 DEY 8,21 4.3 0.42 072 b.1% 0.17 .32 0.20

LT 013 .21 0. 30 0,51 0.17 8,15 0.26 .16
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Table 8.2.C

STATISTICAL REFEATABILITY OF 3-MIC AVERABES
LEVEL FLYOVER DATA EXPRESSED IN DECIBELS (dB]

. EFNL o PALTE R ISEETI L Ala____
570 51D 51D 5TD

PARTICIPANT DEY 304 C.1. LEY Wi LC.1. DRV 0% E.10 DRY §0% C.1.

e L e e =SSttt b= = e e e T

AUSTRALIA 0,72 0,39 0.41 0.33 Kt HA 0,58 0.31
JAPAN-PILOT 1-1 0.40 0.5¢ 014 B.14 KA K A HA
JAPAN-PILOT I-2 0. 40 0.70 0,31 .32 HA HA HA HA
JAPAN-PILOT 2-1 .60 0.70 0.38 .44 HA M hA KA
JAPAN-PILOT 2-2 0,40 0.50 0,14 0.1% A HA KA A
FRANCE-RERD 0.36 0.47 0.64 0,75 Hh NA WA NA
FRANCE-STNA 0.40 0.50 0,60 (.80 0.3 .30 0,50 0.50
ITALY A HA HA HA NA HA HA NA
FRE-PILOT | .30 .20 0.20 .20 0.20 0.2 0,30 0.30
FRE-PILOT 2 0.30 0.3 0.30 0.30 .40 0.50 0.80 0. 70
UK-PILOT 1 N WA A NA 0.20 0.20 0,30 0.20

CAMADA-PILOT 1-1 0.22 0,21 8.27 0.26 0.32 0,3 (.48 0.46
CANADA-PILOT 1-2 0.58 0.48 0. 80 0.71 0.50 0.7 .68 0.81
CANADA-PTLAT 2-1 0.44 2.08 0.47 .00 0.44 1.93 0.14 0.5l
CANADA-PILOT 2-2 0.43 0.3l 0.80 .34 0.57 0.87 0,93 1.10

Us-PILOT 1-1 0.29 0.2 0.27 0.20 0,23 0.17 0. 24 0,19
us-pILOT 1-2 0,18 0.19 0.14 0.18 0.23 0.27 017 0.20
Us-pILAOT 2-1 0.30 0.25 0.23 0.19 0.27 0.22 0.36 0.30
Us-pPILOT 2-2 .45 0.30 0.48 0.28 0,43 0.27 0.5% 0.34
AVERAGE 0.40 0.51 0.3% 0,36 0.37 0.48 .47 045
57D DEV 0.14 0.44 0.20 0.48 0.18 .30 0.24 0.27

0% E£.1. 0.09 0.27 013 0,30 0.12 6.3 0.18 0.20

-== - -] == — —— 1. st b=t T

UK delta 3 calculated at 15%
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Table 8.2.G

TEST DAY TO TEST DAY REPEATABILITY
TAKE-OFF EPHL DATA EXPRESSED IN DECIHELS (4B}

LEFT  CENTER LINE  REGHT

SIDELINE CENTER SIDELINE 3 HIC

PARTICIPANT AVERARE AVERABE AYERAGE 4VERASE
CANADA-PILET i-1 B7.74 g87.5 8715 | B7.43
CANADA-PILOT 1-2 88.54 87.10 BE.O3 i B7.1%9
DELTA .78 0.23 1.82 0.43
CANADRA-FILOT 2-1 B7.79 Ba. 18 B6.0%F |} B7.33
CANADR-PILOT Z-2 Bb. 24 B9.35 B7.85 | B7.%¢
DELTA 0.83 1.1% 1,62 0.4k
Us-PILaT 1-1 Bb. 90 Bt.T0 84,20 | Bh.al
Us-FILOT 1-2 B7.40 i 40 B5.70 | Bb. &6
DELTA .50 0,30 0.30 4,00
HS-PILOT 2-1 BT B1.70 BA.5) B7.20
US-PILOT 2-2 B9, 04 89.40 B7.30 | BB. 40
DELTH 1.70 1.70 0.80 LAl
Ave, OF DELTA 0.93 0,85 tild: A .62
510, DEY, 0,52 4,71 0.7 0.5%
WL 1.18 1.51 L& | 133

Table 8.2.H

TEST DAY TO-TEST DAY REPEATRBILTTY
APPROACH EPML DATA EXPRESSED IN DECIBELE (d3}

LEFT EENTER LTHE RIGHT

SIDELTNE CENTER SIDELINE 3 HIE

FARTICIPANT AVERRGE AVERABE AVERARE AVERAGE
Us-PILOT 1-1 B7.20 52,30 Fl.0d 3 76.20
US-BILOT 1-2 Bo. 50 92.70 70.40 | F0.00
DELTA 034 Q.20 0.480 1§ 8,20
US-PILOT 2-1 Bb. 40 FZ.40 F0.80 20.10
US-PILET 2-2 B7.10 T80 o140 3 80.30
DELTH .78 0.40 0.60 0.40
V5. OF BELTA .30 .30 G860 | 0. 30
570. DEY. 0,28 0.44 G.00 3 014
01 C.1. h.34 3.18 0.00 3.18
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Table 8.2.1

TEST Day 10 TEST DAY REPEATARILITY
LEVEL FLYRVER EPNL TATA EXFRESSED IN DECIBELS idE)

LEFT  CENTER LINE  RIGHT

SIDELIHE CEMTER SIDELTRE 3 HIC

FARTICIFANT AVERAGE HVERARE AVERAGE AVERABE
CAHADA-PILOT 1-t BB. 37 BB &7 BA.34 | g8.54
CANADA-PILOT 1-2 BE.55 BE. 3R 8729 ) 8. 07
DELTA 0,0d 0.29 .05 2.47
CANABR-PILOT 2-1 B7.&1 83,77 88,12 4 BR.1L
CANADA-PILOT 2-2 BY. 42 Bd. 36 g8.94 | Bd. 498
DELTA LBl A 0.8z 0.82
be-PILOT {-1 B7.34 Bo. 80 B&. 30 | Ba. 80
US-PILOT 1-2 8.7 a7 7% Ba.30 1 B
DELTA .40 0,50 0,00 0,40
US-PILOT 21 B7.39 B7.50 g85.20 | 87,10
Us-PILAT 2-2 88, 40 B7 .00 B7.30 | B7.66
DELTA 1.3 §.50 1.4 .40
AVE. OF DELTA .89 047 0. 7% - LT
ETH. DEV, 0.8 g3l 0.3 ! .19
902 L1 1.54 : Lilbl 0,42

99




Table 8.2.J

EPNL 3 WICROPHONE AVERMGE

EBUIDED UNEUTDED
PARTICIPANT  APPRORCH  APPROACH DELTA
JAFAN F-1 51,20 70. 60 b.80
JRFRN F-E B A0 71,20 0. 40
FRE P-1 By.50 BY.20 0.30
FRE P-2 B2, 54 M A
HE Pl B9.47 50,29 0.73
e p-2 K 9. 04 N
L5 Fi-l 80,20 70.40 0.20
bes P2-1 99,10 B89.40 0.70
AVERRABE 20,24 ¥0.14 70.24
ETD. DEY. 0,85 0.89 0.22
J0t C1 0.42 0.5l 0.18

Table 8.2.L

EPNL 3 WICRPHOKE AVERAGE

1CAD 5

L DEBREE
PARTICIPANT DEGREE APPROACH DELTA
FRARCE-RERD | B9.30 88.37 0.73
FRANCE-STHA | 88.37 Bb. b0 LA
FRE P-1 89,30 87, 27 2,71
FRE P-2 89.40 87.73 1.87
UK P-1 B9.47 87,60 1.87
UK p-2 N BAI0 NA
RYERAGE B9.25 a7.461 L.73
STh. DEV. 0.50 0.3 0.48
0% C1 0.48 0.52 {46

100

Table 8.2.K

EPNL 3 WICROPHOME AVERABE

ICAD BELL
b QUIET
FARTICIPANT DEBREE AFFROACH  DELTH

FRG P-1 B9.50 B6.23 3.27
FRE P-2 B9, &0 N HA
UE:P=1 B9.47 BL.40 3.07
g p-2 KA Bb. 00 WA
L B 0,20 B7.33 2,87
Us P2-4 90.10 B7.60 .50
RYERABE B9.77 B&. T3 2,88
ET0. ZEVY, 4,35 0.76 6,35
50% €1 03 0.72 0.42

Table 8.2.M

EPNL 3 MICROPHONE AVERAGE

ICAD b
b DEGREE
PARTICIPANT  DEGREE VY + 20 DELTA
FRANCE-RERD 1 B9.30 B8.57 0.73
FRANCE-STHA | BB.37 B7.80 0.57
FRE P-1 B9.350 Bb. 10 3.40
FRE6 P-2 89. 40 Bb. 10 3.50
UK -1 89.47 B?.50 0.03
UK P-2 NA BY.20 NA
AYERAGE B9.235 B7.88 1.63
STD. DEV. 0.30 .50 (8.7}
F0L L1 0.48 1.23 1.59




B°E gz (i £z CRE | i i~id 50
L' E'E LT/ CE B ARE B 1-2d 50
L' 82 [t AT U & I-1d il
B*Z Bz (EHRIE G AT 1) L =14 B0
m. 1"z LiE BT G ch b Z-Td WENYD
m.ﬁ fist) B &f ot L i-Td HI¥NED
L BT Bi&. g iF g g Z-1d HOUNYD
E il i-14 H¥NED

) PN Yk £ 10714 AN
b'E i B mE, i of ¥ T LOTid An
12 L'f &1 B LR § £ 107id 544
i+ L1 £ - P B B T LOTI4 244
= BN il ATHLD

W K YRS FINgHL

iOHN | HLECEEH] LG

EN i ] 1 b & 2 10704 W4l
HH el Hh kg &l £ [ 10704 NYgbT
OUN BN HITHHLSAY

W U1Nd 135 QLT B | g | AHLKMOD

4p #1730 FIIS FTdWYs

HIHOH4dY
JHOHSDYIIH H3L3W 2°1 SANTH NTDHE

O’¢c’8 °|qe)

e I e B T T B
Lo B |

=
=

9z
82
[
gg

i

BN
HN

il
W

B'L A S R i i-Zd 50
[ AN v N i 1=2d 50
£ &'E £ L. 5 Z-14 On
L B W b b I-14 50
b B55 LRSSk b E-Id HOYNYD
TiE gt o e L i-2d HIVNED
£ = ff 2§ L Z-1d HOUWED
o b &H POUN BN i-1d HOUNYD
E g'r BgE by q £ 10714 A
IE [ i g 9 T 10714 #n
£ [ Ll v 7 10714 B4
RAE g Ey wE 5 I 1071d 344
b &N N iOEN #h KRLT
N L WH PO HH VLS JONEHA
N el L] POHN B D43Y 30KHHA
o B £ LI b £ L0714 Kedul
i ih 4 i B 8 140714 NeadT
il i bl : b LRLLIEL
W1THd 135 Jiw °0H8 1K T7T AHLRNGD
2P 41730 3115 F1dubS

ERHER !
JNOHAAHIIN H313W T°T SOREN TNNDHES

N'¢'8 3lqel

101




Table 8.2.P

EROUND MINUS 1.2 HETER MICROPHOME
LEVEL ELYOVER

SAMPLE EIIE OELTA dB

COLNTRY 1.2'MIC GRD. MIC  EPML SEL PHLTa  ALH

AUSTRALIA Ng Np- s A Hf HA HA
JAPAN PILOT 1- 4 1 2.3 A N HA
JAPAN PILOT 1-2 4 4 i1 HA HA NE
JAPAN PILOT 2-1 3 i e Hi HA N
JARAN PILOT 2-7 i 4 1.6 M i A
FRANCE AERQ L] W KA N KA HA
FRANCE S5TNA HA N HA ] HA it
ITALY MR HA g L M Ml A
FRE FILOT 1 b & S T 3B 3.6
FRE PILOT 2 6] 3 La L3 L8 L.7
UE PILOT 1 & & 2.5 1.8 3 2.2
LK PILOT 2 HA ML HA KA HA N
CANADA P1-L A NA 4] HA 1] HA
CANADA Pi-2 ] a Y I 31 .9
CAMADA P2-] 7 & 3.1 3 i.8 .9
CANADS P2-2 12 11 e 3.4 3.2 3
Us Pl1-1 7 & 3T S 4.2 4
us pi-2 4 4 2.5 2.4 3 2.9
s p2-1 & & 3.8 33 3.9 L&
U5 p2-2 11 11 .0 3.2 3.9 3.5

UK delta 3 caleculated at 15°C
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Figure 8.2.C
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Figure 8.2.D
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Figure 8.2.E
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9.0 FURTHER ANALYSIS, EVALUATION AND INVESTIGATION

The HNMRP, from inception to the completion of this report, has spanned the
years 1983 through 1987. During this time the program cbjectives were
established and refined, field tests occurred, the data were analyzed and
collated, findings were examined, and amendments to Annex 16 were developed
and presented to WG II and CAEP/1. The HNMEP has thus, with this report,
completed its program stage. However, the question, "Why are there
differences?", is yet to be quantitatively addressed.

The following sections deseribe a sequence of steps for the continuation of
the HNMRP investigation process. Section 9.1 is an outline of the HNMRP
evaluation process; Section 9.2 discusses the issue of the data analysis
system calibration test tapes; and Section 9.3 discusses the statistical
considerations appropriate in the further study of the HNMRP data. (A list of
prospective future work topics for ICAD Working Group II are listed in Section
10.0.)

9.1 A PROCESS FOR FURTHER EVALUATION OF HMMRP DATA

Presented below is the proposed evaluation process for the continued analysis,
evaluation and investigation of HNMRP data.

Step 1: Normalization

The initial atep should be to decide whether or not there are distinct
reduction system biases that can be accounted for based on the results of the
data analysis system calibration test tapes, discussed in Section 9.2.
Subsequent application of this adjustment faetor to the HNMRP data should
account for data reduction system biases.

Step 2: Statistical Analysis of Single Event Participant Data

Next, determination of the appropriate single event data for each participant
is necessary. This single event data is important for a proper scientific
evaluation of the HNMRF data. Once participant single event data is
identified, the data should be entered into the appropriate statistical
analysis program, &s discussed In Sectiom 9.3, to evaluate whether or not
differences in HNMRP data are statistically significant.

Step 3: Further Analysis Work

Following the statistical anaslysis of the single event HNMRP data, further
analysis investigations outlined below, and listed in Sectiom 10.0, should be
examined.

Step 4: Evaluation and Investigation

Results of the wvarious analyses should be examined and individual test
programs should be further investigated to identify possible intrinsic source

differences and/or elements of the testing process which can be identified as
reagons for nolse level digsimilarity. Areas for consideration include:
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1}

2)

3)

4)

5)
6)

7

8)

9)

10)

9.2

Meteorological Effects

. temperature gradients

. cross wind/on-track wind components
. turbulence

. crab angle

=T R~

Data Corrections
a. source noise corrections
b. groundspeed duration corrections
¢, distance duration corrections
d. spreading and absorption

Helicopter Operational Characteristics
a. Torque
b. Approach or takeoff profile (climb/descent angle)
c. airspeed
d. groundspeed
e, rotor RPM

Helicopter performance data resolution, acquisition, sampling and
display techniques

Flight Control Stability Augmentation
Pilot Technique

Adreraft Specific Differences
a. maintenance history
b. hours on eritical components

Methodology
a. Calibration
b. Gain Settinge
c¢. Recording Instruments
d. Data Reduction Procedure

Helicopter Operatlonal and Environmental Characteristics
a. Adherence to Reference Operational Conditions
b. Effects of Wind

Intrinsic Source Characteristics

a, Rotor blade track and balance

COMPARISON OF THE DATA REDUCTION SYSTEM CALIBRATION TEST TAPES

A calibration test tape exercise was incorporated in the HNMRP as a means to
isolate data reduction system bias. Through normalizing reported data for the
unique response of each participating analysis system one would expect to see
more clearly the other sources of variation. Full implementation of this
normalization process remains as an activity for the ICAO CAEP WG II (1987-

1990) .




The HNMRP was fortunate to have the assistance of Mr. E.J. Rickley (of the US
DOT TSC), the coordinator of the 1980-1981 ICAD CAN Round-Robin Noise Analyzer
Comparison Program, to serve as the focal point for the calibration tape
exercise. The following paragraphs are abstracted, in part, from a summary
paper prepared by Mr. Rickley for the Paris 1986 HNMRP evaluation meeting.

Calibration tapes, containing helicopter noise data events, were analyzed by
the eight nations (ten laboratories) participating in the ICAO Helicopter
Noise Measurement Repeatability Program (HNMRP). Identical tapes containing
helicopter noise data events and calibration signals were prepared for use
on Nagra instrumentation tape recorders. The tapes, after analysis on the
U.S. system, were sent to the eight participating natioms (ten laboratories)
for analysis. The purpose of the exercise was to determine if biases due to
instrumentation or calibration technique could be "calibrated out" when
comparing individual results of the multi-nation helicopter noise
measurement program.

The results indicate a natural grouping of the data by the type of analysis
system used, with 0.28, 0,32, 0.32 dB standard deviations for the EPNL
metrie for the flyover, takeoff and approach events respectively. The
standard deviations for the PNLTm metric were 0.26, 0.36, 0.32 dB,
respectively.

These results generally agree with the results of the 1981 ICAO sponsored
Helicopter Round Robin Test where data submitted by the ten participants
produced standard deviations of 0.28, 0.32, 0.31 dB for the EPNL metric and
0.66, 0.57, 0.4 dB for the PNLTm metric for the flyover, takeoff and
approach events, respectively.

The current data shown in Figures 9.2.A and 9.2.B have been grouped by type
of analysis system used. It is noted that laboratories using the GR 1995
and B&K 2131 systems, with internal exponential averaging, produced results
lower than the average, while those laboratories using the GR 1921 analyzer
with external computer smoothing produced results higher than the average.
The exception was with the laboratory that used the Rion SA-25 analysis
system with internal exponential averaging which produced results higher
than the average. This grouping by analyzer type was not cbvious in the
1981 data for the EPNL metric but did show up im the PNLTm metric.

Several nations expressed concern with the "quality" (unsteady reference
signal) of the calibration signal recorded on the test tapes. According to
the recorder manufacturer, the cyclic amplitude fluctuations noted can be
attributed to one or more of the following: worn or misaligned heads,
improper tape hold-back tension, defective or worn tape guides, worn tension
rollers or capstan pinch wheel, and/or defective capstan.

The two US recorders were completely overhauled by the manufacturer and
aligned to the recommended 3m brand 177 tape prior to producing the test
tapes. Amplitude fluctuations of less than 0.1 dB were noted for the
calibration signed on these recorders.

A subsequent test of one nation's "suspect" test tape on the US recorder

exhibited amplitude fluctuations of less than 0.1 dB; further, the results
of a re-analysis of the helicopter events on the US system agreed within
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Figure 9.2.B
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#0.1 dB of the prewvious test of this tape by the US prior to shipment to the
participant.

The US test tape (No. 12) was re-analyzed using five recorders including the
two most recently overhauled and aligned Nagra recorders. The poorest
reproduction of tape number 12 showed amplitude fluctuations of the
calibration signal of + 0.3 dB on one recorder. The amplitude fluctuations
on the remaining four recorders was under +0.2 dB. Analysis of the
helicopter events on tape number 12 on the US system using these five
recorders, 3 reproductions each, produced a standard deviation of 0.1 dB in
the EPNL and PNLTm metrics.

Observations

The nmatural grouping of the data by type of analysis system suggests a
bias does exist between analysis system types. The GR 1921 svstem with
external computer smoothing produced levels on the average 0.4 dB
higher than those obtained from the GR 1995 and B&K 2131 systems with
internal exponential averaging. The Rion S5A-25 analyzer with intermal
exponential averaging produced levels on the average 0.6 dB higher than
the GE 1995 and B&K 2131 systems.

Becommendations:

L. The HNEMP participants may consider adjusting final reported data by
the following amounts to normalize for analysis system differences:

a) -0.4 dB should be applied to the GR-1921 produced data

b) -0.6 dB adjustment applied to the Rion SA-25 produced data.

25 Several participants railsed the point that the higher levels from the
GR-1921 gystem are an unexplained characteristic of this system. It is
noted that this system has been declared ohsolete by the manufacturer
(last system sold in 197B). It is worth noting that much of the
worldwide helicopter noise data base was established using the GR-1921.
It may be prudent at this point, given the present high technology
systems available, to recommend that the GR-1921 no longer be used.

3. It is further recommended that more stringent detector characteristics
be imposed to insure slow scale exponential characteristies are applied
especially when linear data is smoothed by external means.

At the CAEP 1 meeting in Montreal both recommendations 2 and 3 were adopted.
Data adjustments, Recommendation 1, have been reserved as a future WG II
(1987-1990) activity. At the Washington HNMRP evaluation meeting, the
Program Coordinator's Staff had implemented data adjustments based on early
Calibration Tape results. After a great deal of discussion, it was decided to
proceed without implementing any adjustment until accord could be reached on
the appropriateness of the corrections. Based in part, on that early
controversy concerning amplitude instabilities of the calibration signal on
gome test tapes, an additional test was proposed by the U.EK. delegation. E,
J. Rickley's synopsis of that second exercise, is abstracted in part, below:
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It was suggested by WG II in Ottawa (1985) that more could be learned and a
more accurate normalization could be achieved if participants in the HNMRP
would submit actual magnetic tape recordings of measured noise data from
different flight operations for re-analysis on a eingle playback and
reduction system in the US. A single participant, the UK, submitted an
cptional calibration tape with four helicopter noise data events.

The results of the UK and US processing of this tape is tabulated in

Taeble 9.2.A. A comparison of the data, both processed with a GR-1995
analyzer, shows agreement within 0.2 dB or less for all metrics shown with
the exception of the flyover, Event 2. Here a 0.4 dB difference in the tone
correction calculation coupled with a 0.9 dB difference in PNLTm (which is
being examined) results in a 0.3 dB difference in the EPNL metric. These
results are in good agreement with a comparison of the UK and US data
reduction of the multi-nation calibration tape where differences of 0.2 dB
or less were observed for the EPNL and PNLTm metric measured with the
GR-1995 analyzer.

Data processed by the US using the GR-1921 analyzer are provided im Table
9.2.A and show the GR-1921 data to be conmsistently higher than the data from
the GR-1995 analyzer.

An interesting observation was made during the analysis of the UK optional
calibration tape. Annex 16 specifies that a ripple of up to 0.5 dB is
allowed in the pass band of a 1/3-octave filter (appendix 2, paragraph
3.4.2). A 0.3 dB ripple was measured for the 250 Hz filter in the CR-1995
analyzer. When the tape was processed using two different recorders a 0.3
dB bias was observed in the results ueing the GR-1995 analyzer. This was
traced to the difference in speeds of the tape recorders (under 1%) which
resulted in a change of 2 Hz in the 250 Hz calibration signal. This
frequency shift was sufficient to move the calibration signal from the flat
portion of the pass band to a peak and resulted in a 0.3 dB bias in all the
data output.

Coneclusions:

1. Comparison of the UK and US results using the GR-1995 amalyzer are in
excellent agreement both on the multi-nation calibration comparison and
using the UK produced optional calibration tape. The bias of the
GE=1921 system was again confirmed.

o Subtle frequency changes coupled with filter pass band characteristics
can account for up to 0.5 dB bias in data. This suggests that a closer
than normal examinatlion and/or adjustment of the 1/3-octave filter used
for calibration of analyzers should be made.

The observations concerning calibration signal recording give one cause to

consider a more rigorous requirement for the stability of signals in one-third
octave bands, especlally, the band in which the single frequency calibratiom
signal iz applied. The present 0.5 dB ripple allowance can, a2s demonstrated
above translate to a 0.5 dB blas error in reported data. This tople is
recommended for study and possible regulatory action at CAFP II, in 1990,
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BEK 5090 £1.0 .5
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9.3- STATISTICAL CONSIDERATIONS
6.3.1 Statistical Treatment of Individual Team Resulte

For each mode of operation it was requested that at least six good flights be
conducted. In each case, ICAO Annex 16 requires that the sample 903
confidence interval of the "three microphone average" must be less than 1.5
EPNdE.

The data tables submitted by participants displayed left, center, right, and
"three-mic averaged" noise data, with arithmetic averages, standard deviation
and 90Z confidence intervals computed. (The "three-mic average" is the
certification metric.) The left, center and right average values, along with
the "3-mic" certification metric values, are summarized for each test team in
Section 5 of this report.

9.3.2 BStatistical Analysis of Overall HNMRP Results

Determination of the statistical significance of all of the possible variance
factors is an important part of the HNMRP process. One of the basic
objectives of this structured repeatability test program was to define the
Intrinsic variability associated with the measurement of helicopter noise,
related to the implementation of noise certification standards. It was
anticipated that many random variables (difficult to compensate for when
conducting helicopter certification noise programs) could contribute to
variations in certification noise-level measurements. It was also anticipated
that biases, if identified, may be amenable to adjustment, and if
appropriately addressed could result in improved accuracy in certification
measurement capabilities. Identification and quantification of both random
and non-random sources of variation represent the ultimate objective in the
HNMRP evaluation process.

Controllable variables which were identified included:

nolse data acquisition system characteristics,
ground surface characteristics,

variable meteorological conditions, and
hellcopter maintenance.

F= L b2 =
= w @

Other unconstrained variables included:

pi production line factors (i.e., manufacturing tolerances, instrument

accuracy, etc.)
2 pilot technique (i.e., consistency of helicopter attitude, smoothness

of control)
3. micro-meteorological influences (i.e., temperature-humidity variatiom,

gemall scale turbulence)

9.3.3 Statistical Procedures

The statistical procedures briefly identified below were those discussed and
accepted by HNMRP participants as being appropriate for evaluating similarity
of HNMRP sample means and variances. A detailed description of each technique

117




along with examples was provided in the "Helicopter Noise Measurement
Repeatablility Program Mid-Program Review——Advance Phases Protocol" (Ref 5).

TEST FOR EQUIVALENCY OF VARTANCES: BARTLETT'S TEST

This test examines the equivalency of variances of multiple samples., It is
a prerequisite for using the standard "Analysis of Variance" test (below).
If this test determines that the variances are not statistically similar
then a test more complicated than the "Analysis of Variance" test is
required,

TEST FOR EQUIVALENCY OF MFANS: ANALYSIS OF VARTANCE

This test examlines the equivalency of means for multiple samples.

TEST FOR EQUIVALENCY OF TWO VARTANCES: F TEST

This test examines the equivalency of varlances for samples of two. This
test 1s & prerequisite for using the "Students-t" test (below). If this
determines that the variances are not statistically similar, & test more
complicated than the "Students-t" test 1ls reguired.

TEST FOR EQUIVALENCY OF TWO MEANS: STUDENTS "T" TEST (or just "t-Test")

Thie test examines the equivalency of means for two independent samples.

In order to implement these statistical tests it is necessary to use the
actual individual event data from each test program. To test the similarity
of the multi-nation takecff PNLTm vardances, for example, it is necessary to
include PNLTm for each event measured by each team, a minimum of 48 (eight
teams times 6 runs each) wvalues. It is evident that the sheer wvolume of data
and time required to sort individual event data (not to mention the difficulty
in pulling data from different formats) precluded the implementation of
"gignificance testing" at this time.

A methodology, however, was developed which allows the reader some insight
into the statistical significance of differences. This procedure estimates
whether or not a difference 1n means 18 significant for any given paired
comparison, The procedure involves the use of the nomograph shown in Figure
9.3.A, which was developed through iInteractively exercising the Students-t
test. It 1s important to note, however, that the standard deviations of the
two samples to be compared must be approximately equal. If this condition is
met, all that is necessary is to locate the difference in means on the
ordinate of the graph and then move right to the point intersecting the
appropriate standard deviation value. If the point of intersection is above
the line then the mull hypothesis is rejected, i.e., the difference in means
is considered statistically significant.
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10.0 FUTURE WORK TOFPICS

This section lists future work items which have been identified during the
HNMRP. They are natural follow-on work topics for comsideration by ICAO
Working Group II and the ICAO Technical Manual Committee. These lists
represent a compendium of possible activity areas {identified by HNMRP
participants and do not represent proposed policy of the FAA or any other
certificating authority,

10,1 FUTURE ANALYSIS OF HNMEF DATA

This first group of future work topics are analyses which involve further
study of HNMBP data. It is anticipated that these analyses will provide more

knowledge concerning the individual sources of variation associated with the
noise certification process.

1 Perform statlistical analysis of results - implement paired and group
comparisons of sample varlance and means as discussed in Section 9.3,
Statistical Considerations. The results of these analyses should be
examined in reference to the pileot to pilot, test day to test day, and
other repeatability questions.

2 Investigate wind influences - analyze the relationship between wind
speed and direction and changes in sample wvariance.

3 Quantify and compare the magnitude of the Delta 1, 2, and 3 correction
values in the various test programs and investigate why reference
trajectory conditions were not attained in some cases.

& Study differences in reported source noise adjustment functions.

5 Investigate overflight nolse level variability — specifically whether
level flyover data varlability is related to test procedures or some
other factor.

& Examine the time between overhaul status of the HNMRP test vehicles -
analyze possible intrinsic source differences, that is the variation
from one serial helicopter to the next.

7 Investigate and resolve various inter-program team to team differences,
including a more thorough investigation of the Franece-Italy-US program
and an investigation of the UE-FRG tracking dats results (where the
same type of tracking system was used by each team).

8 Explore differences between RION analyzer calibration tape results and
the others reported.

9 Examine the results attained with the normal incidence microphones
(used in the Japanese test program) as compared to the pressure-
sensitive type microphones, specifically reviewing the ground versus
1.2m microphone data.
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SECTION 10.2 FUTURE TOPICS FOR REGULATORY REFINEMENT AND IMPLEMENTATION

GUIDANCE

The following are proposed analyses which step beyond the HNMRP data.

1 Examine the variation in sideline elevation angle Psi.

2 Study speed contrel on approach and the influence of speed variation om
noise levels,

3 Examine the use of the following method to compensate for pressure
altitude variations from the sound level reference condition.

P'measured P'norm
Cp'= =

P= (8 a7 )measured (R a? Jnorm
Cp’ = nondimensional acoustic presaure coefficient
{ p'a'z Inorm A, = ambient densicy

P'norm= - X P'measured

( Baf Imeasured F, = ambient predsure

P’ = acoustic PrEssure
(& Jnorm d, = amblent speed of scund

P’norm = {P_ Imeasured X P'measured nNorm = normalized to standard day s.1l.

4 Investipate use of parameter "carpetz", multi-parameter sensitivity
curves.

5 Further explore noise analyzer standardization especially in view of
the B&K detector response differences recently observed in Furope.

6 Fxplore total revision of the takeoff test to achieve greater
compatibility with alrworthiness requirements for takeoff rather than
the existing climbout tie-in. This would involve a direct climb
takeoff from a hover operation. Acquire a data base for this operation
at a variety of measurement sites.

7 Determine whether or not a better correlate exists for implementing
source noise adjustments than advancing blade tip Mach number.

8 Conduct a cost analysis of the proposed experimental 3-6-9 degree
approach certification scheme.

5 Re-examine A-109 differences within the context of "lessons learned" in
the HNMEP.

10 Open up the repeatability "questions" to other repeat test helicopters
for which good documentation is avallable (5-76, Dauphin SA 365N, Twin
Star SA 355, Bell 222, Bell 206L).

11 Develop realistic and reasonable no correction window constraints for
future Appendix 4 amendments.

1?2  Re-evaluate regulatory stringency - which should involve tracking the

progress of NASA, DFVLR and other research organizations working om
helicopter noise predictionm.
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13

14

15

16

17

18

Consider a "small helicopter" simplified certification testing
procedures,

Examine cross referencing in Chapter 8 with Appendix 4 - review
structural consistency within certification scheme and attempt to
simplify the format.

Introduce a sensitivity curve requirement for ground speed duration
correction for level flvover.,

Revise reference temperature structure for each operation - ambient air
temperature of 15 deprees Celsius, i.e., ISA or ISA + 10 degrees

Celsius, as specified by the reference operation procedures in Sections
8.6.2, 8.6.3, and 8.6.4,

Review and restructure the WG II "Summary of Helicopter Noise Data",
data base - develop an "electronic spreadsheet" or computer data base
format.

Notify the IEC concerning ICAO CAEP-] dynamic response modifications.

SECTION 10.3 NOISE CERTIFICATION HANDEOOE GUIDANCE

The following list identifies proposed topilecs for inclusion in a helicopter
noise certification handbook.

1

2

10

Tracking systems.

Requirements for source nolse adjustments.

Requirements for takeoff operation rotation point determination.
Determination of reference trajectory and position information.
Flight deck data acquisition and documentation instrumentation.
Approach guidance techniques.

Implementation of alternative approach operations (3 and 9 degree
operations). Ezxplain various techniques to deploy and redeploy
approach guidance instrumentation and/or acoustical instrumentation in
an efficient manner to maintain the prescribed reference altitude.
Develop a compendium of information which realistically describes the
costs assoclated with hellcopter noise certification testing. Analyze
in-house costs verses the cost of using an acoustical consultant.
Incorporate information which would be useful in developing noise
exposure curves (for use in noise contouring computer models) from

flight test data.

Provide information on data stream time synchronization, identifying
problems encountered in one of the HNMRP test programs.
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APPENDIX A
SUMMARY MULTI-NATION COMPARISON NOISE DATA

The contents of Appendix A are as follows:
EPNL Metric Multi-nation Comparison Datd....eesecssssecessncencases 3
Takeoff Operation
SumhaT Y Compariaon Tah1e. .o e v ecrsuineesms esssnionnsasse &

FoMic Avbrage: SCatbar PLOL . v oxuaeemimssonnesis b i atiige s
Source DAractiVICY PIOER wov sivvsisinis s sssmaisessess s

o Ln

Approach Operation
Summary Comparison Table....cssseeevanscanasnsssssisseis 9
S=Mic Average ScREELeT PLOL: . s sicisisnisnsioinaesnaases s 10
Lo TV el LB N Bl Tuh o Fain Bod, 0 1 0 - P O R I ot gt s e e L e i

Level Flyover Operation UK delta 3 caleulated at 15°C
Summary Comparigon Tahle.....ceeesecesnsssscnnnrsrsnsrsss 12
3-Mic Average- Seatter PLOt.:ssasss ansnesenssassevonveas 13
SourcerDirectiu T By PG g e SR i e i R e et L

PNLTM Metrie Multi-nation Comparison Datf.....eeeesresassnsssssssss 1B

Takeoff Operatiom
Summary Comparison Table..ssssesssssssssnaanaansansasss 19
F=Mic Averaoa - Seatber PLob . e enroin oenne ne viesdnsens 20
Source DirectIvity PIotA e s e eansssssasaeme s 41

Approach Operation
sumnaty. Comparyiaon: Tahla.cucive i viasiviin e s sniassds 23
3=Mic Average Scatter Plot,..ceesissnsssdosanasssinnsse 28
Sovree: Birectivity Plota o i i dailiiicee s eeireass 20

Level Flyover Operation UK delta 3 calculated at 15°C
Summary Comparison TAbla seseessssassassndsssssnnesrans 20

3-Mi¢ Average Scatter Ploticeissssinsanssasssnasnasnsene &7
Source Directivity Plots...cenussrccensssrsnssnnssnsnsas 28

SEL Metric Multl-nation Comparison Dat8...cccsnsssssssssnsssnsnssss 32

Tekeoff Operation
Summary Comparison Table.i.isssssssssassassssnsssasnssas 33
3-Mic Average Scatter Plot....cscesnasssssrsnsnssssnsns 34
Source Drectivity Plobl.coieivia s sninsme s snnnnmissess 59

Approach Operation
Summary Comparison Table...ssesessssasssssasacsnasnanss 38
3-Mic Average Scatter Plot...ccccvsassnssasssissasnnsns 39
Source Directivity PlotS...cossessssssnsnsarsssnsnsanes 40
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Level Flyover Operation UK delta 3 caleulated at 15°C

Summary Comparison Table..... R o IOy ety 41
3-Mic Average Scatter Plot..eesersssvsas e P T e T 42
Source Directivity Plot8...seesasssansens winin s ek W e e min (D
Alm Metric Multi-nation Comparison Datf...cccssvssnsansnsssasssnssss 46
Takeoff Operation
Summary Comparlson Table...seesscsssssssssssssnssssssas 47
3-Mic Average Scatter Plot.vecceerscsssssnnsnnsnsssnnnn 48
Source DHrectivity Plots: oo i viamaddoasa aaessss 49
Approach Operation
Summary Comparison Table.,....... A R S ST T O e T 52
B_Hin ﬁverage Sﬂﬂtter ?1ntiiil'!tiII.IlF‘lI.IiiII.II'iI 53
Source Directivity PlotS. . eevnssnvsssnsssnsnansnsnsssss 54
Level Flyover Operation UK delta 3 calculated at 15 C
Summary Comparison Table,..... R S s v ale e e
3-Mic Average Scatter Plot...cesscsssssssscnssnssnansns 56
Source Directivity PlotH...cisssesssssesnassnsnnnnnesns 57
Duration Time Daté, . ciieeiines esiiseinsine cisaeisseraieassssss aracaicn - B}
Duration P
PG OE . e ndinnninas L T TR B M T 61
Appl.'nach ------------------- FEE R RE RS RS RS B E R E R RS R EE R ﬁﬁ
Level Fl?ﬂver --------------------- TR R e s e amE e 66
Duration A
Tak&ﬂff ------- R L] B EE R R R R E R EEE S EEE SRS E S EEEE RN = ﬁg
APPrﬂanh....... ------------------------------ R R ?1
Levﬂl Fljr{WE'l.' --------------- EEEEEE R amE s sEE s EE samEew ?3

Please note that all UK level flyover data was corrected with a delta 3
correction referenced to 15 degrees C. All other teams used delta 3
corrections referenced to 25 degrees C.
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HULTI-HATION COMPARISON AMALYSIS
TAKE-OFF EPNL DATA EXPRESGED IN DECIBELS (dB)

LEFT  CENTER LINE  RIBHT

TEST
AVERAGE

88,35

BE. 70

Bb.35

Bb. 38

87.39

87.47
L.I5

SIDELINE  CENTER  SIDELINE IMC 8T TEA
PARTICIPANT ~ AVERABE  WVERAGE  AVERAGE BERRBE DV 90% L.l AVERAEE
AUSTRALIA §7.89 §9.55 87.63 | B8.35 0.3 0.7 ! 88,35
: i

JAPAN-PILOT 1 88.80 B8. 50 38,90 | B9 030 0.20 ! LR
JAPAN-PILOT 2 88.10 70,00 BE.70 BB.30 050 030 |
1 I
| I

FRANCE-AERD 85,70 8. 40 B7.40 B.20 0.8 0.53 | 87,20

FRANCE-STHA B4 70 §7.30 B30 | B5.50 040 0.30 | 85.50
ITALY A hg HA ua NA N
: 1

FRG-PILAT 1 85.50 8,40 Bb.10 B6.10 030 .30 | B6.55
FRE-PILOT 2 8630 B, 70 B6.20 ! BB.OO 000 0.00 !

UE-PILOT 1 Ba. 00 B7.30 Bo.t0 | B6.al .40 0.30 1 B4.70
UK-PILOT 2 85,40 86, 60 B7.20 | BS.BO 020 0.20 |
: |

CANADA-FILOT 1-1  67.75 8735 §.75 B7.62 07 029 87,53
CANADA-PILOT 1-2  BE.S B7.10 83,93 | .19 008 035 1
CONADA-PILDT 2-1  87.79 8. 18 B6.03 1 TR N
CANADA-PILOT 27 B4.% §9.35 B1.65 | .99 0.9 LS6

US-PILOT 1-1 Bb. 90 8.70 86.20 Bo.b0 031 021 ! 87.25
US-FILOT 1-2 B7.40 Bb. 40 B5.90 | Be.6O 0,25 23
US-PILOT 2-1 87,30 B7.70 B6.50 .20 .5 0.4 |
US-PILOT 2-2 B9.00 B9, 40 8.3 | BB.60 0,63 0.52 |

BVERAGE §7.12 §7.79 B.65 | B7.28 04l 043 ! B7.19

STD DEV 1.22 .28 LAl | L0202 042 | 112

- 0.4 815 027 119

203 L.1. 0.77 0.80 0.70
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HULTI-NATION COMPARTSON ANALYSIS
APPROACH EPNL DATA EXPRESSED IN DECIBELS (dB)

LEFT CENTER LIHE RIGHT

SIDELINE  CENTER  SIDELINE ORI TEAN  TEST
PARTICIPANT ~ AVERABE AVERABE AVERAGE AVERSBE  DEY 901 L.l AVERABE  AVERAGE
| |
AUSTRAL A B7. 4 93.82 9,51 9095 098 0.6 1 90,93 90,9
| |
JAPAN-PILOT | B9. 30 73.50 %0.70 ! .20 0.0 060 1 9LA0 90
JAPAN-PILOT 2 89.70 %370 .50 | 9.60 080 0.50 |
FRANCE-AER 84,10 92,30 B9.40 ! B9.30 084 142 | 8930 88.B4
FRANCE-STNA Ba. 00 91.40 Be.70 | B88.37 0.40 b40 BB.37
ITALY it N NA N e
i I
FRB-PILOT 1 85,90 92,30 B.10 | B.50 040 040 1 BSB89
FRB-PILOT 2 B6.30 92,40 89,90 1 B.40 0,50 0.80 |
UK-PILAT 1 Bb.20 72.30 B7.50 1 B9, 50 0,50 0.40 | B9.50
CANADA-PILOT 1-2 86,97 92,92 5,81 1 9057  00F 0 058 1 9.9 90,3
CANADA-PILOT 2-1 87.27 93.38 9,77 | 50.80 0.1 103
US-PILOT I-1 87,20 92.50 91.00 | 020 0.5 040 ¢ 9020
US-PILOT 1-2 B6.90 92,70 90.40 ! .00 041 0.39 |
US-PILOT 2-1 Bb. 40 92,40 90.80 | w0 0.7 0.5
US-P1LOT 2-2 §7.10 72,80 91,40 | .50 052 035
AVERRGE B7.06 92,76 9.5 | %0.06 0.1 0.5 1 8999 90,21
510 DEV Ll 0.68 1.02 ! 0.8 020 030 | Loe 108
302 .1, 0.8 0.47 073 | nAL 0I5 2P L0k LT
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HULTI-NATION COMPARISON AMALYSIS
LEVEL FLYOVER EPNL DATA EXPRESSED IN DECIBELS {dB)

LEFT  CENTER LINE  RIGHT

GIDELINE  CENTER  GIDELINE IMIC 51D TEAN TEST
PARTICIPANT  AVERAGE  AVERAGE AVERAGE AVERAGE  DEV  S0LC.I.  AVERAGE  AVERAGE
AUSTRALIA B.82  B9.69  B7.42 | B.65 072 0,39 ! BE.65  88.65
] I
JAPAN-PILOT 1-1 .10 8910 EB.0 ! B9.20 040 0.50 B.03  89.03
J6PAN-PILOT 12 90.80  BB.20  84.B0 ! BR.60  0.40  0.70
JAPAN-PILOT 2-1 W40 B840 BTLID | BB.90 0.0 0,70
APMN-PILOT 22 9L30 BR.10 B0 | Bo.40  0.40  0.50 |
| !
FRANCE-AERD B7.80  B8.40  B6.B0 | BLI0 0.3 0.43 B0 BA.ES
FRANCE-STHA B3.30 7.5 83.90 | B5.60 040 0.50 | BS. 60
ITALY N NA K ! NA N8 Na
! :
FRE-PILOT ! Bh.50  BE.20 8490 | Bo.60  0.30  0.20 ! Bs.90  87.20
FRE-PILOT 2 B30 B0 8540 | B7.20 0,30 0.30 |
UK-PILDT 1 BP0 8900 8520 | B7.80 023 0.2 ! 87.80
| :
CANADA-PILET -1 BE.S? 8867 88,34 | 88.54 022 0.2 | BR.4¢ BT
CANADA-PILOT 1-2  88.5 BB.38 87,29 ! BELO7  0.38  0.68 !
CANADA-PILOT 2-1  B7.61 8877 B.12 ! BE.I6 0.4 2,08 1
CANADA-PLLOT 2-2  89.42  8B.58  BB.94 ! BRL9B 043 0.5
US-PILOT 1-1 B7.30 8680 BA30 ! 88.80  0.29  0.21 | 87,15
US-PILOT 1-2 8,70 870 B30 | B.20 006 0.9
US-PILOT 2-1 B7.30 8750 BA.20 | 8.0 030 025
US-PILOT 2-2 BE.60  BLO0 8230 | L6 045 030 |
AVERAGE Be.43 6837 8686 | 67.89 0.3 049 B7.t6  B7.B¢
§TD DV 1.63 0.8 L3 102 048 043 L1t 099
0.09  0.28 ! .17 1.63

90t £.1, 0. 0.350 0.82 | 0.42

UK delta 3 ealeulated at 15°C
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EPML (dE)

EFML (dB)

82

EPNL—FLYOVER

individual Site Averoges

81 =

80

B —

87 —

BE =

BB~

B4 —

UK delta 3 calculated at 15°C

B3

T T T
LEFT SIDELINE CENTER RIGHT SIDELIMNE

EPNL—FLYOVER

Individual Site Averogos

82

81

80 -

BE =

a7 —

BE —

B

T T T
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EPNL (dB)

EPML (dB)

EPNL—FLYOVER

Indlvidugl Site Averages
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i \
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EPNL (dB)

(n}

EPNL—FLYOVER

Individual Site Averages

82
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E/%
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T T 1
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o C 1= + c 21
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82
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PNLTm Metric Multi—nation
Comparison Data
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MULTI-HATIOH COMPARISON AMALYSIS
TAKE-OFF PNLTa DATA EXPRESSED INM DECIBELS {dB)

LEFT  CENTER LINE  RIBHT
SIDELINE CENTER SIDELINE 3 ME TEAM TEST
PARTICIFANT AYERRGE AVERAGE AVERRGE AYERAGE 510 F0L C.L. AYERRBE AVERAGE
AUSTRALIA EBB.97 90.3% BB.21 i 89.18 0.48 0.21 4 B9.18 B%.18
JAPAN-PILOT 1 B%.30 B3, 70 gg.q0 | g9.29 0,32 9.20 | BY.55 BY.33
JAFAN-FILOT 2 BR.70 Ti.48 B9.30 i B9.80 0 0.35 |
FRANCE-AERD B3, 50 BY.%0 88.80 1 EB. 00 0.84 g7 | BE. 00 B7.42
FRANCE-5THA B5.30 8%.30 B3.90 | Bb.83 0,50 0.40 3 6. B3
ITALY HA HA NG NA N MA
FRE-PILOT | Bb.50 B7.60 Be.30 4 Bh. 90 &350 0.30 | Ba. 50 B7.13
FRG-PILOT 2 B7.40 B6.90 Bb.40 | Be. % 0.20 f.1o i
UK-FILOT 1 Bb. 70 BE. 30 Bo.80 | B7.30 0,30 0.30 | B7.35
UE-PILAT 2 B7.30 87.70 B7.20 | B7.40 0.30 030 |
i i
CANADA-PILOT 1-1 Ba.g2 86,85 BB.34 | BH. &8 0.55 0.55 | Bg. 4l 88.03
CANADR-FILOT 1-2 B7.41 Bé. 5H BA.34 1§ .11 .42 007
CANAGA-PILOT 2- B3. 68 B9.94% B7.44 | BH.71 0.79 .34 |
CAMADA-PILOT 2-2 Bh.HS 90,82 B%.08 | BB.%2 L3 2a3t o
US-PILOT 1-1 §7.80 8A.30 B7.50 | B7.50 0,35 037 BE. A5
US-PILAT !-2 Bg. 71 87.70 B7.20. & B7.%99 0. iB 0.17 &
Us-PILOT 2-1 88.70 BY. 10 Ba.20 | B8.70 0.49 0.3 1
US-PILGT 2-2 80,20 90, 70 BR.30 & 59.10 .88 L1
AVERARE B7.33 BY. 14 873 | B8.27 .51 {.98 g2.13 BE.IB
57D DEV 1.4l .29 L2 Lol 0.32 0.56 1.43 1.07
9% L.1. 0.88 ¢.81 0.70 | 0,20 0.35 | .09 1.7%

0,63

=EETEITEDn
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PNLTm (d8)

PHLTM {dE)

PNLTm—TAKEOFF

Individual Site Avaroges
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88 —
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B4

LEFT SIDELINE CENTER

FRGT & c 2-1

x
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J 2
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81

o
o
1
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PHLTmM (dB)

PHLTm (dB)

83

a2
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80
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a7

86
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83
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B85
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MULTI-NATION COMPARISON BHALYSIS

APPROACH PNLTm DATA EXPRESSED IN DECIBELS {dB)

LEFT CENTER LIKE
SIDELINE CENTER
PARTICIPANT AVERAGE AVERAGE

AUSTRALTA Bb. 47 93.83
JAPAN-FILOT 1 BB.30 94,80
JAPAN-PILOT 2 88.00 73,40
FRANCE-AERD 85,40 74,70
FRANCE-STHA B5.30 73.40
ITALY H M
FRE-PILOT | 83,30 93,40
FRE-PILOT 2 BE. 30 73.40
L¥-pILOT ! B3. 60 73,80
CANADA-FILOT 1-2 84,82 94,82
CANADA-PILDT 2-1 Be.78 F3.83
US-PILOT 1-1 Ba. 90 94,10
US-PILDT 1-2 B, 30 4. 00
US-PILOT 2-1 Bh. 30 94,50
Us-PILOT 2-2 B6.70 4,20
AVERAGE Bb.49 94,31

51D DEV 0.95 0,74

3% C.1. 0.88 0.52

APPEMDIX A — Page 23

RIBHT
S1DELIHE 3 HIC 870 TEAN TEST
AVERRAGE AVERAGE DEY 901 C.1. AVERABE  AVERABE
o W
9139 1 90.57 Ll 0.74 | T0.57 90.57
i i
90.00 91.11 0.38 0.28 1 9.3 91,33
71.20. | 91.33 .64 0,39 1
F0.10 | 90,50 .22 205 71.47 70,47
BY.70 ¢} B?.47 1,80 130 B9.47
HA i A A Ny
Br.90 | B8.90 0.40 0.40 By.1a B9.33
B9.50 B9. 40 0,80 0.700 1
89,60 | 89.70 0.8¢ 0,70 ! B%.70
i i
50.93 1 90.8a B.32 .44 ! 91.13 50.81
91.54 | 91.39 0.28 0.43 1
50.30 | 0. 60 0,87 0.38 | 90.65
50,20 | 90.20 0.38 0.36 |
L0 0. 80 0.58 0,42 1
§2.00 | 71.00 0.43 0.26- |
90.43 | 50.43 0.73 0.72 | 70.43 79.30
.07 0.80 0.42 0,33 | 0. 89 0.73
0.76 1| 0. 34 0.30 0.37 & 0.94 1.23
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MULTI-NATICM COMPARISONM AMALYSIS
LEVEL FLYDVER PHLTa DATA EXPRESSED IM BECIBELS (dB)

LEFT  CENTER LINE  RIBHT
SIDELINE CENTER STOELINE 3 MIC 510 TEAH TEST
FARTICIPANT AVERAGE AVERAEE AYERGGE AVERAGE DEY 9oL C.L. AVERAGE RYERAGE
HUSTRALTA F0. 14 92,22 ge.30 | §0.21 0.61 0.33 | P 90,73
| [
JAPAN-FILOT 1-1 .04 91.44 BE.7% |} F0.42 014 0.16 90. 48 90,48
JAPAN-PILAOT 1-2 71.33 70.59 B7.&3 | 8998 0.3 0.52 1
JAPAN-PILOT 2-1 F1.93 91.67 8.u i P393 0,38 .44
JAPRN-PILOT 2-2 F1.87 $1.30 B8.15 | 9. 57 G.1b 0.1% 1
FRAKCE-RERD F0.70 F1.20 Ba.00 90.30 0.64 8.73 1 30,3 B9.45
FRANCE-STNA BY.30 51,00 Be.BU 4 E9.00 0,40 0.B0 B9.00
ITALY HA A RA i M A NA i
H i
FRE-PILOT 1 EB.00 (.50 Bh. 10 | BE. 20 0.20 0.20 1 BB. 43 BE.§3
FRE-PILOT .2 B7.80 81,40 B&.70 1 88.70 0.30 0.30- 1
UK-PILOT 1 F0.40 92.20 Bh.90 | B9.590 HA Ng 89. 70
CANADA-PILOT 1-1 BA. BA 20,38 B9.44 | 8957 0.27 0.26: | B9.81 B9.41
CANADR-PILOT 1-2 BY. 74 F.27 B1.56 | 8%. 53 0.40 0.7 i
CANADA-PILOT 2-1 Ba. 17y 91,4} BA.25 | B9.28 .47 2.09 1
CANADA-PILOT 2-2 91.49 .48 B9.68 | 90.87 0.8 0.94 |
US-PILOT 1-1 88,40 BY. 10 B7.30 i BA. 10 0. 27 0.2 1 B9.00
US-FILOT 1-2 BY.70 . 60 B7.a0 i 89.30 0,14 0.6 |
US-PILET 2-1 B9.00 89.90 B7.80- | BE. 50 9.23 0.19 |
US-PILOT 3-2 90. 50 89. 70 BA.80 | 8970 (.4 0.28 4
AVERAGE 89.89 7102 BE.O0: | 89.64 0.39 g.50 | B9.43 B9.74
STD DEY 1.37 0.B3 Lot 0.85 .20 0.48 | 0.74 082
R0L L.1. 0.83 g.5l 0.61 | 0.51 0.13 0.3 1 G.78 104

bt Ll Ll L b sl ia i rd d bl rdsacadiac)ha b paded g fred e e e e

UK delta 3 calculated at 159¢
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PMLTm (dB)

FHLTm (dB}

PNLTm—LEVEL FLYOVER

Individual Site Averages
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A5 — \
BB 4
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85 T T T
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5] C 2-1 * FRG 1 & FRG 2
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PNLTm (dB)

PMLTm (dB)

PNLTm—LEVEL FLYOVER

Individugl Site Averages
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PHLTmM (dB)
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SEL Metric Multi—nation
Comparison Data
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HULTI-HATION COMPARISON ANALYSIS
TAKE-OFF SEL DATA EYPRESSED IM DECIBELS i4%)

LEFT  CENTER LINE  RIGHT

SIDELIHE CENTER SIDELINE 3 HiC 510 TEAM TEST
PARTICIPART AYERAGE AVERAGE AVERRBE AYERAGE DEV 01 LI, AVERAGE AVERARGE
AUSTRELTS W HA T HA hA HA |
JAFaN-PILOT | HA HA Ha o i A i Mo
JAPRN-PILOT 2 NA Na HA A M Mio|
FRANCE-AERD M KA LA HA Ha Na |
FRARCE-5THA 2,10 B3.50 Bl.30 |} BZ.30 i 30 020 | B2, 30
ITALY L H4 HA HA HA HA
FRE-FILOT | Bl.B0 B2.8% g2.70 82.40 4.30 0.30 | BZ.43 BZ.85
FRE-FILOT 2 B2.70 B2.20 B2.60 4 BZ.30 0.20 0.2004
UK=FILOT 1 82.30 81,70 3,90 83.20 0.50 0,30 B3.25
UK-FILOT 2 82,90 3.00 BL.1Y B3.30 030 0.20 4
1 i
EANADA-FILAOT 1-1 3311 E3.53 B3 4% | #3.57 032 4.54 1 Bl.4z B1.49
CANADR-PILOT 1-2 g4.21 B3, 54 Bl.as 3. 20 0. 24 1adh A
EANADA-PILOT 2-1 #3.28 Ed.53 atogt BI.Z3 4.91 LSS0
CANADR-FILOT 2-2 i 5. 59 Bl.44 83.H3 0. 87 1:47 1
US-PILOT 1-1 B340 g2.80 BZ.&0 250 023 047 83.53
UE-PELOT 1-2 8570 82,70 BlL.av B3.00 &4 6,23 4
UB-PILOT 2-1 B3.40 B4.10 #Z.6T 4 B384 0,45 0.48 ]
HE-PILOT: -2 B4.ED 8380 B350 | B4. B0 0.58 48 1
AYERABE B.14 83.7L 218 | B3, 20 gAY $.56 3. 00 H3,17
ETD DEY 0.8a L.1g G811 .68 .25 0,49 .58 f. 45
908 L. 1. 0. 64 0,82 0.a0 | i, 4% 0. 18 037 i 0.57 10,28
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SEL (dB)
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MULTI-MATION COMPRRISON ANALYSIS
RPPROACH SEL DATA EXPRESSED IM DECIRELS {dB)

LEFT EENTER LINE RIGHT
SIDELIKE CERTER SIDELIKE 3. HIC 10 TEAM TEST
PARTICIFANT AVERASE AYERABE AYERARE AVERRBE DEY T E.d RYERAEE  AYERAGE
_______ = ss==ss==szswsszEmomopnmne—s :____F_----..--------- == _! =g
RUSTRALIS HA A b | it N NA.
JHFEN-FILOT & A NA e Ll HA HA
JAFAN-PILOT 2 LL] kh oy NA HA HA
| 1
FRAMCE-AERQ NA NA HE Ha & NA
FRAMCE-ETHA gl.70 BE. 20 Ba.30 85.41 0.4 G.gl b 85.41
1TALY M NA HA MA NA NA
: [
FRE-PILOT ! B3, 30 g5.30 BE.70 Bb.10 0. 80 0500 B35 Bb. 43
FRE-FILOT 2 3,400 B%. 40 87.30 1 Bh.al .30 0.30 |
UE-PILOT | BZ.30 B9. 80 B7.40 Bh.el .54 0.50° | 86.40
I I
CANADA-PILOT £-2 g2.08 Bi, 34 BB.42 | B7.15 0.13 0.58" | 8.2 B7.19
CANADA-FILOT 2-1 B2.76 F.80 BE.36 87.11 0.50 0.84 |
Us-PILOT -1 BI. 40 B%.70 BE.2G B 10 0.33 8355 1 B7. 18
LE-PILOT 1-2 83.40 Lol B7.70 | 87,10 0.34 0.3% |
Us-PILOT 2-1 B2.82 B5.70 BR.2O § B {63 0,44
HE-PILOT 2-2 §3.70 T0.00 BE.SG | B7.40 0,44 Q.27
AVERABE BZ.98 B9.71 g7.61 i Bs.79 0,48 0.45 ! Bé. 55 Bh. Bl
STO DEY .58 0.70 98 .62 819 0,17 | .74 4.5
0% L.1. .51 0.2 9,83 | 8.5 8,17 0,450 | .24 .09
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o FRG 1 @ STHA
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MULTI-NATION COMPARIEON &MALYSIS
LEYEL FLYOVER SEL BATA EYPRESSED IN DECIBELS {dB)

LEFT  LCENTER LIME  RIGHT

SIDELIKE CERTER SIDELINE 3 ME 810 TEAH TEST
FARTICIPANT AVERREE AYERAGE AVERAGE AYERAGE DEV B0 Ll AVERREE AVERABE
HUSTRALTA A HA MA- i A H Mg
JAPAN-FILOT 1-1 N fis ug: 4 Ha Ha NA
JAPON-PILOT §-2 Ha M W NA A My |
JEFAN-PILOT 2-1 HA h# NE & HA HA LA
JAPRN-FILOT 2-2 N& kA4 Ha | H i R
FRARCE-AERD HA KA Wy Ha N4 L
FRANCE-STHA Bl.30 BI.BO {1 L Bl.%7 .30 030 BL.57
ITALY KA K4 HA HA N HE |
; i
FRE-FILOT | B, 40 g1.50 BO.10 ¢ BO. TG U.20 0.200 i Bl. 15 8153
FRE-PILOT 2 Bl. oG B3.00 BO.70 4 Bl.ob &, 8 hae
UE-PILOT © LB 82,50 BT BL. 70 .20 020 | Bi:70
H i
CANADA-PILOT 1-1 54,31 £3.08 Bl.EE | B4.43 0.32 6.3 | 54,15 B3.97
Comabu-FILOT 1-2 B3.62 84,57 BRI ) B3, 48 J.a0 [
EANRDA-PILIT Z-1 BI.LE 23,41 B3.77 | B4.78 D4t 98 4
Cobeba-pILOT 2-2 B4.50 B4.87 E3.98 | B4.58 0.57 a7
US-PILDT [-] 83,80 83.a0 B30 ! B3, 40 .25 AT o B3, 73
Us-FIigT 1-2 B4.00 54,30 B3. 10 & g1, 80 §.23 g.27 i
Us-PILOT Z-1 81.90 64.20 B3 19 | §3. 70 0.27 i
Uz-FILOT 2-2 Ba. 00 83,40 B3.30 ! Bf. L0 043 .27 i
FAYERARE 3. 14 g3.87 B1.43 1 B3.15 8,37 b 88 4 82.55 B2.65
5TD BEY 1.5e 143 Ldg | L.30 0.ls 0.30 4 L .87
LT v 1.2 .80 LA 102 LS ¥ 037 .24 §1.57

UK delta 3 calculated ‘at !.SDC
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SEL (dB}

SEL (dB)

a6

SEL—LEVEL FLYOVER

Individual Site Avarages

85 —

84 —

B1

8

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

fu C2=1

SEL—-LEVEL FLYOVER

Individual Site Averages

B84 -

B3 —

82 -

81 —

80 —

78

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

O FRG 2 +  STHA

APPENDIX A —— Page 43




SEL (dB)

X

SEL (48)

BB

85

B

B3

B2

a1

&0

79

85

a4

a3

82

a1

BO

e

SEL—-LEVEL FLYOVER

Individual Site Averages

UK delta 3 calculated at 15 C

T I I
LEFT SIDELINE CENTER RIGHT SIDELINE

o UK1 + FRG P1 & CAN P1-2

SEL =1 BWEL FLYQVER

Individual Site Averoges

)

1 I 1
LEFT SIDELINE CEMTER RIGHT SIDELINE

o us 1-2 + us 2—1 G € 1-=1
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SEL (dB)

SEL (dB)

SEL—LEVEL FLYOVER

individual Site Averogas

B —

84 -

83

8z

81

78

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o us 2-2

SEL—LEVEL FLYOVER

Indlvidug! Site Averoges

L 1:]

86 —

83

BO —

gt

79

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o c2-2 +  Us1-—1
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MULTI-HATIOM COHPARISON ANALYSIS

TAXE-OFF Ala DATA EXFPRESSED IN DECIBELS (dB)

LEFT  CENTER LINE RIGHT
EIDELINE CENTER SIDELTNE 3 MIC ETh TEAH TEST
FARTICIPANT AVERARE HVERAGE AYERABE RYERAGE BEY ol LLL RYERAGE AYERAGE
AUSTRALIA 13,72 75,74 Tots 7458 0.42 82T | 74,58 74.58
JAPAK-PILOT 1 N4 Kfi L NR M HE |
JAFAN-FILOT 2 MR M MA K HA Na |
FRANCE-AERAD M HA N | HA L NA i
FRANCE-5TNA 71,90 4,00 1148 1143 0,30 G20 | 72.43
ITALY HA A NA 4 e H NA
FRE-PILOT | 71.30 72,40 1210 o 12,00 0,30 0.34: 3 T1.50 12,45
FRE-FILOT 2 T3 71,00 .20 ! AR 9.40 o.40
U¥-PILOT 1 72.00 73.90 12,90 | 72,54 0,34 030 | 72.30
UK-PILOT 2 TZ.B0 12,80 13,20 1 12,90 L 0.0
i ]
CANADA-PILOT 1-1 731! 73.82 72,48 | 7314 .08 015 | 13.11 73.32
CANADA-FILOT 1-2 1331 T4.03 T0.6% | T2.67 003 014 3
EANADA-PILOT 2-1 12,74 15,34 11.35 3 3.2t .82 138 |
ChHMADA-PILOT 2-2 T1.29 13.9% T2.94 | 73,44 1.2% 217 i
Us-PILOT -1 1310 13,50 7166 | 12,94 .45 0.3 | 13,53
Us-piLaT §-2 73,44 13,10 170 72,70 .43 0.4l
Ue-FILOT 2-1 1350 74,50 f2.8 A 13.40 .62 0.45 |
BE-PILOT 2-2 74,80 78,20 170 74.90 .73 g4
AVERABE 72,80 4.1 7232 73.08 0.0 0.5 13.07 13,43
570 DEY 0.97 1.35 51 I 0.Bs 4,32 850 | 0.53 L%
g0t L.1. (- &% 0.9 0.71 0.8 0,23 .40 | 137 A48
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Alm (dB8)

Alm (dB)

ALm—TAKEOFF

- Individugl Site Averages

78 —

T

75 —

79

74 —

¥&

72

71 7

70 T T 1
LEFT SIDEUNE CENTER RIGHT SIDELINE

O us 1=1 + us 1-2 ¢ C1-1

ALm—TAKEOFF

Individual Site Averages

78
78 -
77 =
76 =
76

74

73 o E’,_/_,.m
B

7 - \

1 -

70 T T 1
LEFT SIDELINE CENTER RIGHT SIDELINE

o UK 2 + FRG 2
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Alm (dB)

ALmn (dB)

)

ALm—TAKEQOFF

Individual Site Avarogas

78

fiidm

75

)

74 —

73

72 —

1

70

T I I
LEFT SIDELINE CENTER RIGHT SIDELINE

us 2-1 + us 2-2 & STHA

ALm~—TAKEOFF

Individual Site Averages

78

78 —

76

T4

71

70

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

O AUS + UK 1 & FRG 1
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AlLm (dB)

Alm (dB)

79

78

7

76

75

74

T3

72

A

70

78

78

[rd

76

75

74

73

72

[l

70

ALm—TAKEOFF

individual Site Averoges

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

u] e 2=

ALm—TAKEOFF

Individual Site Averages

i I T
LEFT SIDELINE CENTER RIGHT SIDELINE

o C 2= + c1=2
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HULTI-HATICH COMPARTEON ARALYGIS

BPPROACH Ala DATA EXPRESSED IN DECIBELS (dB)

LEFT LENTER LINE RIGHT
SITELTHE CENTER BIRELTHE 3 RIE 50 TEAY TEGT
FARTICIFANT AVERABE AVERAGE AUERAGE AVERASE ey YoR L5 AVERRBE  AYERASE
AUSTRALES 7L.93 B 80 il 16.92 LR | 0,74 To. 52 Te.%2
| ¥
JRPAN-FILOT 1 W A ME A M N
JAREH-PILOT 2 HA HA HR HA HA .
FRANCE-RERD A HA HA L A Hi: i
FEANCE-STNA 71.30 19.%0 76,30} Ta.0f 1.2 .80 Th.00
ITALY WA HA kA hhi HA NA
FRE-FILOT | T1.20 g0.3¢ w10 .70 0.50 0.3 719,90 1013
FRE-PILOT Z TL.40 BO. 7Y Th.oAd F6.10 {0,538 a.40
Lg-pILOT & 71.50 81.20 70,50 | Thoel 6,50 0,76 | 78.80
CAHABR-PILOT 1-2 713 82.25 a2l 16:% L b LELE 1.3 T2
CAHADA-PILOT 2-1 7h.74 .52 T3 17,84 .47 0.79 |
US=FILOT 1-1 1230 Bl1.70 17.60 | 17:30 0.8z 0.5 1 .23
HE=RILOTE 1-2 1230 Bi.al Jh.80 165806 0,49 fidh |
U5-FiLar 2-1 7180 81.50 TR 77.30 0.5 D400 ]
Us-PILOT 2-2 1268 Bl.60 T840 4 17.50 £,58 0,38 1
|
AYERAGE 71.81 Bl.33 T ThA0 048 1. Th.bh 18,77
5T OEY i, 47 0.95 97 0. 64 0.32 0,200 | 0,40 .97
0L L., 0,39 0.79 g8t HeES 024 0.1 0.3 .3
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Alm {dB)

ALm (dB)

85
&4
B3
8z
81

a0
73
78
77
76
75
T4
73
72
71

7o

85
B4
B3

a1
80
79
78
77
76
75
74
73
72
7
70

UK

ALm—APPROACH

Individual Site Averogaes

I T T

LEFT SIDELINE CENTER RIGHT SIDELINE
FRG1 + FRGZ2 & us 2-—1 1.1 us 2-2
x STHA v AUS

ALm—APPROACH

Individual Site Averoges

i T T
LEFT SIDELINE CENTER RIGHT SIDELINE

+ us1-1 & Usi=2 & c1-2 x c2-1
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HULTI-NATION COMFARTSON ANALYSIS
LEVEL FLYOVER Als DATA EXPRESSED IN DECISELS (dB)

LEFT  LENTER LINE  RIBHT

SIDELINE CENTER SIDELIKE 3 HIC gi TEAN TEST
FARTICIPANT AVERABE AYERARE AYERABE EYERARE DEW L LI RVERABE RVERAGE
AUSTRALIA 1369 8.3 78,74 | Th.24 {05 0.3 78,24 76.24
JAPAN-FILAT 1=} HA M4 N& | HA Na WA
JAFAN-FILOT 1-2 L W HA i ug NA MR
JAPAR-FILOT 2-1 NA HA HA MR Hi L
JAPAN-PILOT 2-2 HA i HA HA NA LI
FRANCE-AERD HA HA LT HA h Bh o
FRAMEE-STHA T3.70 71,00 1330 14,67 0,50 O.50 | 14,67
ITALY K K e g HA Ha 1S
FRE-PILOT | 7150 T4.00 .40 | T1.20 0.30 0.30 i 72,60 72,90
FRE-PILOT 2 11,89 13,0 .80 1 3,00 L 070 |
HE=-PILGT | 12,80 T3.40 T2.30 73.30 0,30 0.2 g 73,50
CANRDA-PILOT 1-2 T2 16,43 1482 73.18 0,48 T Tadd 15.26
CANADS-PILOT 1-2 73,54 7&.68 73.02 1 T4.8l .49 g.81 |
CaKaba-FILOT 2-1 02 7.4 .71 .95 0,14 f.6l. &
CANARA-PILOT 2-2 76.14 7,38 74.81 | Th.1l 1.93 1.10: 4
US-PILOT 1-1 73.90 7o, b8 T390 74,30 0,28 D19 i 75,30
Us=FILOT 1-2 153.H T&. B0 74.70 | 73.40 L 0.200 1
Us-FILOT 2-1 14,90 Th. 40 1450 73,20 0,28 0.300 !
Us-pILAT 2-2 16,20 510 73,30 1590 059 0.38 4
AVERASE 74.18 Th. 38 i7L .73 047 bods i 1.5 T4.B0
570 DEV 1,45 ikl i ) .22 PHL ] 0.27 | .33 1372
o0y L.I. S 3 | .82 £.97 - 0,90 0.18 0.20 | 1.82 8.3

UK delta 3 calculated at 15°¢C
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Alm (dB8)

Alm (dB)

b

78

78

78

7a

74

73

T2

g

70

79

78

iV

76

Fi]

T4

73

7z

!

70

ALm—LEVEL FLYOVER

Indivldual Site Averoges

LEFT S:IJEL!NE EE‘;TEH RIGHT SIII!‘ELINE
m} c 1-2 + c.2— ] STHA & AUS
ALm—LEVEL FLYOVER
Individug! Site Averages

UK delta 3 calculated ac 15%¢

T T T
LEFT SIDELINE CEMTER RIGHT SIDELINE

a K1 + FRG 1 & FRG 2
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Alm (dB)

Alm (dB)

ALm—LEVEL FLYOVER

Indlvidual Site Avarages

78

&

76 —

75

74

73

72 -

71 -

0

| 1 I
LEFT SIDELINE CENTER RIGHT SIDELINE

u] ci1 + us 1-—-1

ALm—LEVEL FLYOVER

Individual Site Averages

78

78 <

76 =
76
74
73 -
72 -

Fii e

7o

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

n] us 1-2 + us 2—1 ] c2-2
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Alm (dB)

78

ALm—LEVEL FLYOVER

Individual Site Avarages

78 —

7 =

76

75

74 —

73

72 =

71—

. TEPR

70

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o us 2-2
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Duration Time Data
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PHLTm 10 4B DOWN DURATIOM TIME (SEC)

PHLTm 10 dB8 DOWN DURATION TIME (SEC)

30

PNLTm 10 dB DOWN DURATION TIME

TAKEOFF

28
28
a7
28

24

oo
L

12
11 —

10

<

30

LEFT SIDELINE CENTER RIGHT SIDELINE

o UK 2 + C 1 & G2

PNLTm 10 dB DOWN DURATION TIME

TAKEOFF

25 —
28 —
27—
26 —
25+
24 -
23 —

21
20 -
18 =
18
17
YE
15
14 5
13
12
Y=

10

a]

<

LEFT SIDELINE CENTER RIGHT SIDELINE

AERD * STHA L2 ci1-2 . C:2-—2
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PHLTmM 10 4B DOWHN DURATION TIME (SEC)

PHLTmMm 10 48 DOWN DURATION TIME (SEC)

30

PNLTm 10 dB DOWN DURATION TIME

TAKEOFF

28—

27 -
26 —
25 —
24 -
23 —

21 -
20
18 =
18
17
16
16
14 -
13
12 =
1 -

10

30

LEFT SIDELINE CENTER

O us 1-2

PNLTm 10 dB DOWN DURATION TIME

+ us 2-2

TAKEOFF

T
RIGHT SIDELINE

L FRG 2

28
28 —
27 =
28 —

24 -
23 -

21
20 -
19
18 =
17

15 -
14 -
13
12
11

10

UK 1

T T

LEFT SIDELINE CENTER

+

us 1-1 4 us 2-1
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10 dB8 DOWN DURATION TIME (SEC)

PNLTm 10 dB DOWN DURATION TIME

TAKEQFF

28 —

28 —
27
26 —

24 —
23 —

21
20 +
18
18 <
7=
16 =
18 =
14 —
13 -
12
1.4

10

LEFT SIDELINE CENTER

O aAUs
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Alrm 10 dB DOWN DURATION TIME (SEC)

ALm 10 dB DOWN DURATION TIME (SEC)

ALm 10 dB DOWN DURATION TIME

APPROACH

42 -
40 -~
38 -

36
34 /
32 — /
30 -
28 —

28
24 —
99 —
20 —
18 —
16
14 =

12 T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o UK. 4 FRG 1 @ FRG 2

ALm 10 dB DOWN DURATION TIME

APPROACH

42 —
.q_u_
38 —
38
34 -
32 —
30 —
28 —
26 —
4
22
20 -
18
18
14 —

12 J| | I i
LEFT SIDELIME CEMTER RIGHT SIDELINE

+ AUS & us1-1 A usi-2 X usz—-1 v Us2
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AlLm 10 dB DOWH DURATION TIME (SEC)

ALm 10 dB DOWN DURATIOM TIME (SEC)

ALm 10 dB DOWN DURATION TIME

APPROACH

42 -

38
36 —
34 -
32
30 —
28 —
26 —
24
a9 |
20 -
18 =
18 —
14 —

12

T i T
LEFT SIDELINE CENTER RIGHT SIDELINE

a C1-2

ALm 10 dB DOWN DURATION TIME

APPROACH

42 =

a8 -
26 =
34
32 4
=0

26 —
24

20 —
18
18 —
14 —

12

1 T T
LEFT SIDELINE CENTER RIGHT SIDELINE

O AEROD +  STHA
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ALm 10 dB DOWN DURATION TIME (SEC)

Alrm 10 dB DOWM DURATION TIME (SEC)

25

ALm 10 dB DOWN DURATION TIME

LEVEL FLYOVER

24
23 -

21 =

18 -
18
17—
168 —
18—
14 -
13 5
12 5
11
10

25

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

ALm 10 dB DOWN DURATION TIME

LEVEL FLYOVER

24
23 —
22 -
21

18 =
18
17
18 =
16
14 —
13
12+
5 e

10

T : T all
LEFT SIDELINE CENTER RIGHT SIDELINE
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Alrm 10 dB DOWN DURATION TIME (SEC)

AlLm 10 dB8 DOWN DURATION TIME (SEC)

25

ALm 10 dB DOWN DURATION TIME

LEVEL FLYOVER

24 -
23
gor. -
21
20 ~
18 =
18
17 -
18 —
16 —
14 -
13 -
12 -
11 -

<

10

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o FRG 2

ALm 10 dB DOWN DURATION TIME

LEVEL FLYDVER

25
24 —
23 —
29 —
21 =
20
18 —
18 —
17
16
156 —
14 —
13 =
12
11 =

10

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o us 2-2 + cC1=-2 & AUS
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ALm 10 4B DOWN DURATIOM TIME (SEC)

Alm 10 dB DOWN DURATION TIME (SEC)

ALm 10 dB DOWN DURATION TIME

LEVEL FLYOVER
25

24 —
23 -
22
214
20
18
18
17
18 —
15
14
13 —
12 5
11

10 T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o us 1-2 * us 2—1 & FRG 1 4 G 1=

ALm 10 dB DOWN DURATION TIME

LEVEL FLYOVER
25

24 —
23 1
22 1
21 -
20 —
18
18
17 -
16
15
14
lE—r
12
14

10 T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

[ us 11 + c2-1 4 c2-2 A UK 1
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ALm 10 dB DOWN DURATION TIME (SEC)

ALrm 10 dB DOWN DURATION TIME (SEC)

{

36

ALm 10 4B DOWN DURATION TIME

TAKEOFF

34 —

52 -

=0 —

28

26 =

24 —

22 =

20 —

18

18 —

14 —

S

12

36

T T T
LEFT SIDELINE CENTER RIGHT SIDELINE

o us 1-1 + €2~

ALm 10 dB DOWN DURATION TIME

TAKEOFF

34 —

32 —

30

28

28

24

22 +

20 —
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16 —

LEFT SIDELINE CENTER RIGHT SIDELINE

] AERO + STHA & cC1=2 A UK 1
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Alm 10 dB DOWN DURATION TIME (SEC)

AL 10 4B DOWN DURATION TIME (SEC)

38

ALm 10 dB DOWN DURATION TIME

TAKEOFF

34 —

32 =

30 =

26 -

24 -

22 =

20 +

168

14 —

12

I I
LEFT SIDELINE CENTER

u] us 1-2

+ FRG 1

RIGHT SIDELINE

ALm 10 dB DOWN DURATION TIME

TAKEOFF

38

34 -

30 =

28 —

28 -

20

18 —

14

UKz

T T
LEFT SIDELINE CENTER

+  FRG2 @
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PHLTm 10 dB DOWH DURATION TIME (SEC)

PHLTm 10 dB DOWH DURATION TIME (SEC)

PNLTm 10 dB DOWN DURATION TIME

APPROACH

432

38 =
36 —
34 —
a2
30 =
28 —
28
24
29 —
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1B —
16
14 =

T T T
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o c1-2

PNLTm 10 dB DOWN DURATION TIME

APPROACH
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28
26 —
24 —

20 —
18
16
14 —

12

T T T
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o FRG 1
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PHLTm 10 dB DOWHN DURATION TIME (SEC)

«

PHNLTm 10 dB DOWHN DURATION TIME (SEC)

<

PNLTm

10 dB DOWN DURATION TIME

APPROACH

42
40 -
38 =
38 —

32
a0 =

26+
24

20 -
18
15
14 —

12

[md

LEFT SIDELINE CENTER

FRGZ

PNLTmM

| T T
RIGHT SIQELINE

+ Usi—2 & us2-2 A

x STHA v AUS

10 dB DOWN DURATION TIME

APPROACH

AERO

a8

36

32 =
30+
28
26 —
24 —

16 ~

14

12

LK 1

LEFT SIDELINE CENTER

.l_

RIGHT SIDELINE

us 1-1 ¢ Us2-1 4
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PHLTm 10 4B DOWN DURATION TIME (SEC)

N

PHLTm 10 <8 DOWN DURATION TIME (SEC)

24

PNLTm 10 dB DOWN DURATION TIME

LEVEL FLYOVER

23—

20 —
18
18 =
17 -
16 —
15
14 —
13
12

11 -

10

24— -

23 =
224
21
20 —
19
18—
179
16 —

14

12

LEFT SIDELINE CENTER RIGHT SIDELINE

] us 2-2 + C1=2 @ AUS

PNLTm 10 dB DOWN DURATION TIME

LEVEL FLYOVER

10

UK 1

@

LEFT SIDELINE CENTER RIGHT - SIDELINE

+ us 1-—1 + ci1-1 & cC 22
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PNLTm 10 dB DOWN DURATION TIME

LEVEL FLYOVER
24

23 —
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Wind Data

Australian Test

FLIGHT  WIND  WIND  [ROSS WIND COMPONET ON TRACK CONPONET
UPERATION: APPROACH winersioN  SPEED  DIRECTIDN (LEFT/RIGHT) [HEAT/TAIL)
TINE  EVENT (DEGREES) (KNOTS) (DEGREES) DIRECTION (KNOTS) CIRECTION (KNOTSH

.03 B 180 1.1 265 RIGHT IL.ag  TAIL 8.50
g.08 ] LED 1.34 283 RIEHT 1.8, TAIL Q.50
Y 10 160 1.9 iz 1) RIGHT L9 TAIL 0.34
9.20 i1 B0 1.54 280 RIGHT LI TAIL .34
11.08 22 180 1.714 280 RIGHT A1 TalL 8.34
11.12 Fis &1 3.B8 b0 O {-HIND .00 TAIL 3.89
14,18 3 188 .88 &0 ND X-WIND 0.04.- 1ALk .89
15378 31 1 582 324 LEFT 1.5%  TAlL .48

x FLIGHT HIND HIND CROSS WIND COMPOMET 0N TRACE COHPONET
BE . FE

OFERATION: FLYOVER yicer1ION SPEED DIRECTION (LEFT/RIGHTI (HEAD/TAIL)
TIME EVENT  {DEGREES) (KMODTS] (DEGREEZ) DIRECTION (KMWOTS) GIRECTION {xXNOTS)

B.2 i 30 1.74 ok LEFT Fila:" HERD 4.82
i.28 s 184 .74 i RIEHT ETh:  TRIE 0.82
B.32 3 ial 1.54 2%3 LEFT L., 70 HEAD 0.82
B.33 4 189 1.94 m3 RIGHT L.7a TAIL 0.82
B.39 3 Iag 1.%4 M3 LEET LW7e  HERD 6.82
.42 a ipa 1.94 2% RIGHE P78 TAL 0. 82
BidG 7 340 154 300 LEFT 1.6B.  HEAD 0.57
18,50 3 16¢ 3,86 020 LEFT L33 CTAIE J.68
F4:53 32 Iad 3.8 {20 RIGHT L3 HEAD 3.63
14,56 K 106 3.08 ] LEFT 133 TRIL 3.45
14,58 L) 3£l .86 140 LEFT 131 HERD 3.63
15.32 3 180 3.B8 G20 LEFT 133 TAIE dab
15,35 b e a.B2 el RIGHT 1.5 HESD o.dE

1) oo FLIGHT  HIND  MIND  OROSS WIND COMPONET ON TRACK COMPONET
OPERATION: TRREDFE grpcoriny  gPEED  DIRECTION (LEFT/RIBHT {HEAT/TAIL)
TINE. EVENT {DEGREES) (KNDTS) |DEGREES) DIRECTION I(¥NTS) DIRECTION (KNOTS)

10,21 i2 188 3,88 323 RIGHT 2.3%  TRIL 3.18
10,24 I3 180 I.88 325 RIGHT LB TRIL .18
10.28 14 180 5.n8 By RIGHT 2.3} TAlL 18
10,34 15 i80 J.B8 3E3 RIGHT L TAIL .13
10,34 I& 180 3.08 330 RIGHT 194 TAIL 5.3/
10.34 1¢ 180 3,88 330 RIGHT 1.5 TAIL 337
10,39 ig 180 3.88 ] RIGHT .54 TRlL 337
10.42 17 B9 3,88 330 BIGHT 1.9 TALIE 3.37
EQ. 45 20 B0 J.B8 340 NO ¥-RIND g.06  TAIL 3LEq
11.04 2l 180 3.88 348 KO £-WIKD 0.00  TAIL 3.8%
14.00 24 150 3.88 03 LEFT 0.3 TAIL 3.87
103 2 184 3.88 LEliF] LEFT 0.3 TRIL i.87
LT bl {50 3.8 5] LEFT 4,34 TAIL 3.67
kil vkl 8] 3.88 360 i 7-WiKD 2.00  TAIL 309
14043 8 188 1.B8 340 KO I-WIND 0.00  TAIL .89
14,18 29 140 3.48 380 RO X-HINE .00 TALL 1.89
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Wind Data

French-Italian Test

ELIBHT  KIND HIWD  CROSS WIND COMPONET ON TRACE COMPONET

UPERATION: AFPROALN  procorron  GPEED  DIRECTION  (LEFT/RIGHT) {HEAD/TAIL)
TINE EVENT  (DEBREES) (KNDTS) (DEGREES) [DIRECTION (KNGTS) ODIRECTION (KNOTS)
18,00 38 088 B0 180 RIGHT B0 TAIL 2, 10
16,04 03 085 4.5 160 RIGHT 8.15  HEAD 2.12
16,08 (00 08y b.0 140 RIGHT S.67  HEAD 1.35
16,11 10! 369 i1.0 180 RIGHT 10D AL 819
14,18 103 089 5.5 140 RIGHT 5,20  HEAD 1.79
16,75 104 083 4.0 180 RIGHT 6,00 TAIL 0.10
16,28 103 089 4.0 144 RIBHT 341 HEAD .52
FLIGHT  WIND WIND  CROGS WIND COMPOMET ON TRACK COMPONET

OFERATION: FLYOVER plperTioN SPEED  DIRECTION {LEFT/RIGHTI {HEAR/TAIL]
TINE EVENT  (DEGREES) (KNOTS) (DEGREES) DIRECTION (KNOTS) DIRECTION (KNOTS
11,42 5 269 1.0 5 LEFT 0,24 HEAD 0,57
11,45 £ 18y 0.0 280 ND K-RIND 0,00 MO H/T WIND 0,00
11.47 7 249 1.0 212 RIGHT 0,05 HEAD 1.00
11,50 B 089 1o 28 LEFT 0.19  TAIL 0,55
11,55 g 249 L0 300 RIEHT 0.50  HEAD 0,84
11,59 10 [ Lo 280 LEFT 519 TAIL 0.98
12,07 1 285 .0 280 RIGHT 9,55 HEAD 0,98
12,04 12 289 1.0 280 LEFT 0,49 TalL 0.98
12,09 13 089 A NA ND 1-HIND MA MO H/T HIND 5
12.12 14 289 NG M NO X-WIND NA NO HiT WIND N&
FLIGHT  WIND WIND  CROSS WIND COMPONET ON TRACK COMPONET

OPERATION: TRMEDFF pioeryion  SPEED  DIRECTION (LEFT/RIGHT) {HEAD/TAIL)
TINE EVEMT  (DESREES) (KNDTS) (DESREES) DIRECTION (KNOTS! DIRECTION (KNOTS!
12,21 83 083 7.0 270 RIGHT 5.28  TRIL £.59
12,23 g9 089 7.0 720 RIBHT 5.20  TAIL 4,5
12,26 90 489 1,0 220 RIGHT .02 TALL 2,42
12.29 9 085 7.0 220 RIBHT 5,28 TAIL 1,59
12,12 57 087 7.0 720 RIGHT 5,28 TAIL 4,59
12,34 93 083 8.0 240 RIGHT 231  TALL 5.25
12,37 3 089 3.0 220 RIGHT .26 THIL 1,97
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Wind Data

Japanese Test

o PLIBNT  WIMD  WIND  CFOSS WIND CONOMET ON TRACK CONPOMET

OPERATION: APERSACH pyoerriow  opEED  DIRECTION.  (LEFT/RIGHTI (HEAD/TAIL!
TINE  EVENT (DEGREES) (KNOTS) (DEGREES) GIRECTION (KNGTS) DIRECTION (XNBTS)
.16 Bi-B 190 2.1 770 RIGHT 285 HEMD 0.47
14,21 B-12 19 2.7 35 RIGHT 2.7 TAIL .55
14,30 Bl-la 130 1.7 190 KD E-MIND  0.00  HEAD 3,70
9.3 B3 190 3.4 24 RIGHT 2,63 HEAD 144
9,37 B~ 190 3% 113 LEFT 1,92 HEAD 0,74
9,48 Bi-4d T 13 135 LEFT 152  HEAD 2,47
0.2 Bl-d 50 b4 135 LEFT 5,24 HEAD 347
10,36 3§52 190 5.2 135 LEET 1,2 HERD 2,98
BT L. IR L Jo0 AR | B T 113 LEFT.. . &A% HERD. .. 0.9F
14,44 B2-30 9% 5.8 138 RIGHT .07 TAIL 3,02
14,48 B2-20-1 180 1.5 15 RIGHT 1,01 TAIL 7.8
15,18 B2-74 54 1.3 030 LEFT 1,87 TAIL 0,33
15,29 P78 190 2.1 13 LEFT 2.05  HEAD 0.47
1540 B232 190 1.9 050 LEFT 1,87 TALL 0,33
11,18 B2-&D 150 5.4 35 LEFT 541 HEAD .79
4L Bl 190 8.6 158 LEFT 455 HERD 7.78
1133 Bzad (90 3.9 113 LEFT 1.80  HEAD 0,88
17,67 8272190 5.5 158 LEFT 3.50  HEAD 5,40
1217 BT (30 5.2 180 LEFT 1,68 HEAD 511
12,78 BI-B0. 190 B2 158 LEFT 4,35  HEAD 4595
; FLISHT  WIND  WIND  CROSS NIND CONPONET CN TRACK COMPONET

OFERATION: FLYOVER precoTron SPEED  DIRECTION (LEFT/RIGHT) (HEAD/TAIL)
TINE  EVENT  (DEGREES) (KMOTS) IDEGREES) DIRECTION (KNOTS) DIRECTION (KMOTS:
2,47 L1315 bie 2.3 248 LEFT .95 TAIL 1,27
9.21  [1-35-1 010 2.5 248 LEFT .17 TAIL 1,32
3 O3 0 2.3 203 LEFT .52 TALL 2.24
934 [1-39-1 Oi9 1.4 180 RIGHT 0.33  TALL 1,67
1,46 [2-59 010 8.2 {35 RIGHT 5.08  TAIL 3.56
11,05 €263 6l 4.9 = RIGHT .40 TAIL FiT
12,15 [274 010 2k 158 RIGHT 392 TAIL 5,78
12,25 278 01 5.8 235 LEFT 1.3 TAIL 1.75
.45 D153 150 2.1 25 RIGHT .78 HEAD 111
.49 DI-M-1 B0 34 203 RIGHT .70  HEAD 3.02
5,98  D1-38 190 1.5 203 RIGHT 0.43  HEAD 1,55
9.3 D31 190 2.5 180 LEFT 0.43  HEAD 7,44
1,13 D258 {90 b8 158 LEFT .40 HEAD 5,77
11,33 1262 1¥ 5.2 113 LEFT 5,07 HEAB 117
- ) % 8,7 158 LEFT 5.44  HEAD 8,71
12,02 0376 190 8.0 180 LEET 1,39 HEAD 7,88
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Wind Data

Japanese Test

TLIBHT  HIND HIN3  [ROSS HIND COMPONET ON TRADY COMPGHET
OFERATIEN: TRREQFT  prpecTION  SPEED  Dincoiion LEFTAR1GHT) (HEAD/TAILI
TINE EUENT  (DEGREES (#MOTSY (DEBREES) DIRECTION (KNOTS) GIRECTION  [vROTS:
.03 Al aid 2.4 il LEFT 48 TAIL .54
505 A2 150 57 i RIBHT T.65  HEAD .47
13.07  al-3 b0 23 35 LEFT .68 HEAD 1,32
13,69 Ai=d 194 57 35S RIEHT .71 Al 1,53
52 M-S i 2.9 148 LEFT 1.4 TRIL 1,54
1805 Al=b 194 2.8 243 RIGHT DA HEAD 1.54
108 AT 214 2.1 70 LEFT .07 TalL 0,36
1444 Al-9 b i i} LEFT 118 TAIL 0.2
4,18 &l-lg 130 1.5 33 RIGHT 1.8 TAIL 0.43
14,18 Al-1d it 33 s LEFT I.B8  HEAD 1,32
438 @113 G0 3.1 138 LEFT Le4 HERD 2,43
i Al 199 3.7 343 RIGHT 103 TAlL 242
18 A5 616 17 15 LEFT 3.B5  HEAD 2.70
513 Al b 1,4 743 LEFT 18 TAIL 8,74
§.36  Al3T ild 7.3 730 LEFT 1,48 TAIL 176
9,40  Al-4) G1d 4.1 135 RIGHT 336 1AL .3
10,16 At-45 o0 | 113 RIGHT 4,97  TAIL 1.15
10,74 Al-39 51 4.3 135 RIGKT 152 TAIL 2,47
0,38 f1-53 ali 53 i3 RIGHT 4,15 TALL 0.57
13,59 A1-E5 G 5.1 35 LEFT b.18  HEAD .83
11,12 Al=69 a0 7.8 5 LEFT 8,35  HEAD 4,47
14,26 #1-93 Bie 19, | 270 LEFT 7,95  TAIL 1.75
14,3 A7-17 616 5.1 315 LEFT 4,18 HEAD 7.93
14,40 AZ-1S 194 54 315 RIBHT .08 Tl .93
14,42 A2-19 010 5.4 318 LEFT Z.B6  HEAD 4.58
.48 AZ7-1 Ol 5.7 315 LEFT },2%  HEAD .38
15,17 427 010 1,2 045 RIBHT .65 HEAD 0,98
15,18 | AI=1E 150 1.0 [iT% LEFT 0,85  TAIL 0.53
{515 A2 oo 0.8 058 RIBHT 0,68 HEAD 0.42
15,26 4255 id 3.3 Tt RIGHT 1,95  HEAD 1,33
15,73 A2 150 0.8 0%0 LEFT 8,73 TAIL .14
15,25 A3 ey ] b AIEHT 085  HERD 0.53
15:3% 0 = it 1.5 03 RIGHT 1,87  HERD L3
1535 AZ-3D 150 35 95 LEFT .45 TRIL 0.4}
15.37 =31 010 3.5 i RIGHT 297 HEAD 1,53
1,11 43-57 219 4.5 135 REGHT .00 TAIL 2.8l
11,21 h2-41 416 7.8 158 RGBT .13 TAIL 6.4
1,30 A2-45 0l 4.8 180 ATEHT 1.18  TAIL 8,70
1,000 A9 010 7.0 703 LEFT L57  TAlL 5,82
210 AETE LG bk 180 R1GHT 115 TRIL 4. 50
12,30 £2-77 010 5.8 150 RIGHT 1,00 TAIL 5,71
{345  A2-El L 37 748 LEFT 114 TRIL 1.56
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Wind Data
UK-FRG Test

. £y FLIGHT  WIND  WIND  CROSS WIND CONPONET ON TRACK COMPONET
OFERATION: 4PFRDACH proerTion  SPEED  DIRECTION (LEFT/RIGHTI (HEAD/TAIL}
TINE  EVENT (DEGREES) (KNDTS) {DEGREES) DIRECTION (KNDTS) DIRECTION (KNDTS)

.58 C.i 36l 7.4 330 RIGHT 139 HEAD b.12
10.08 L2 30 3.0 291 LEFT 1.4 HEAD 5.89
10.12 L.1.3 i 8.4 314 RIGHT 1.89 HERD 8. 16
9,15 Gl 30 bub 318 RIGHKT 1.53  HEAD 5.31
10,18 C.0.5 361 2.3 797 LEFT G186 HEAD .23
10.22  Ch.s 30 0.7 181 LEET 0.4f  TAIL 8,35
{337 L.l 30 7.5 047 RIGHT 7.21 TALL 2,07
(3,40 CLE 30 1.3 054 RIGHT L% TAIL .48
343 £330 5.0 620 RIGHT 591 HEAD 0,95
13.46 G100 3N 4.9 052 RIGHT 457 TAIL 1,74
13,50 C.b.l 30l 5.4 045 RIBHT 5.24  TAIL 1.3
1500 G2 301 7.1 219 LEFT 7.03  HEAD 0.59
Al G143 308 5.3 p]) LEFT 5.92  HEMD 2.15
B LM 30 5.0 243 LEFT .32 MEAD .24
27 CAds 3 1.4 249 LEFT 3,03 HERD 2,52
\gier  £.240 a3 123 755 LEFT 0,43 HERD 12,29
1238 L32 w BT 298 LEFT 0.4 HEBD 8,4%
1248 L2330 3.3 304 RIGHT 0.7 HERD 13.26
1029 L2430 6.8 283 LEFT 0.95  HERD £,73
10.35 LS 30l 8.1 289 LEFT 1,27 HEAD 3.97
10:39 C.i.& 0L d.4 200 LEFT 0. 13 HEAD 8,44
figE  BZT. 30 8.3 341 REGHT 5.34  HEAD 5,36
1.3% .28 3 1.2 119 RIGHT 237 HEAD 5,85
11,42 £.23 30 5.3 347 RIGHT 179 HEAD 5,25
.48 G20 30 Na NA N U-WIND NA ND H/T WIND  MA
11,49 L2110 30 7.1 304 RIGHT 0.37  HEAD 7.09
11,33 E.2.47 30 1.3 261 LEFT .50 HEAT &85
2.2 L2133 5.4 308 RIGHT 1.1S  HEAD 9,33
12,73 LU 30 10,4 797 LEFT 0.73  HEAD 10.37
NE L2050 30 N MR HD L-HIND NG NO K/T WIND  NA
12,29 L2830l Bl 784 LEFT .37 HEAD .75
1233 A 3 2.3 295 LEFT 076 HEAD 7.2
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Wind Data

UK-FRG Test

) _ FLIBNT  WikD WIND  CROSS MIMD COMPOMET OW TRACK COMPOMET

OUPERATION:  LFD  pigecTioN  SPEED  DIRECTION  (LEFT/RIBHT) {HEAB/TAIL)
TINE EVENT  (DEBREES) (KMOTS) |(DEGREES) [IRECTION (KNGTS) DIRECTION (KNOTS)
3.5 B 174 5.8 783 RIGHT .79 TALL 5,52
13.56  B.1,2 303 2.8 241 LEFT 0.4%  HEAD 2,74
{55 BL3 121 4.6 295 RIGHT 8,48 TAIL 4,57
00 B.14 30 1.2 275 LEFT 116 HeAD b.47
14,00 B.LS 121 8.5 253 RIGHT 639 TAILL 5,75
103 B8 W 5.0 754 LEFT §.58  HEAD 414
it BT 121 4.0 9% RIGHT 0.35  TAIL 3.38
thi8 518 301 1.5 301 OND I-NIND  0.00  HEAD 3.50
937  B.L39 307 3.5 249 RIGHT 1.96  HEAD 3,07
9,43 B.1.10 027 1.5 210 LEFT 0,18 TAIL 1.50
9.45  B.1.11 207 2.4 305 LEFT 0,05  HEAD 7.60
9.47  B.1.12 027 1.9 187 RIBHT 0.80  TAIL 1.72
9.55  B.1.13 707 2.4 230 RIGHT .94 HEAD 2.2
9.55  B.1.14 027 1:4 168 RIGHT oL TAIL 1L
9,59  B.1.15 427 0.3 203 RIBHT 0,06 TAIL 0,90
(247 B 101 1.4 308 BIGHT 0.81  HEAD 11.57
1,50 8,12 301 10.8 32 RIGHT 2,06 HEAD 10,40
1047 B.23 01 i3 259 LEFT 0,12  HEAD 330
1245 B.2.4 12 4.7 313 LEFT 1,39 TAIL 6.55
12,49 B.2.5 301 5.8 249 LEFT 1.57  HEAD 3.57
1250 B.2.b 121 8.7 115 LEFT .10 TAIL g.44
1500 BA7 121 7.8 130 LEFT 378 ThIL 5,82
13.05  B.2.8 301 8.2 350 RIEHT .03 HEAD 4.22
13.06 B.2.§ 174 7.0 380 LEFT 500 TAIL 3.61
13,08 B.2,10 301 7.8 340 RIGHT 5,69 HEAD 4,02
13,45  B.2.11 301 9.4 9 RIGHT 2,90 HEAD B.54
3.7 B2 124 11,0 7 LEFT L83 TARL 19.57
13.19 8.2.13 301 7.4 304 RIGHT 0.39  HEAD 7.39
FLIGHT  HIND UIND  CROSS WIND COMPONET ON TRACK COMPONET

OPERATION: TAKEOFF pripeerrow  SPEED  DIRECTION (LEFT/RIGHT) (HEAD/TAIL}
TINE EVENT  (DEEPEES) (KNDTS) {DEGREES! DIRECTION (¥NOTS) DIRECTION  (KMOTS)
7.0 Al 207 b0 205 LEFT 0.21  HEAD b.00
17,13 Ad.2 07 | 07 RIGHT 499 TAIL 1.23
ALy T UL W07 5.2 30 RIEHT 604 TAIL 1,39
1.1 At4 207 44 304 RIGHT 437 TAIL 1,00
1726 AL.S 207 4.5 120 RIGHT Li4 TAIL 1.74
1798 ALk 247 1.5 264 RIGHT 1,38 HEMD 1.0
1740 AT 207 3l 208 LEFT 0.05  HEaD 110
(7.42  ALB 07 3.2 201 LEET .33 HEAD 1.18
745 ALY 207 2.8 43 RIGHT 2.72  HEAD 0,48
1.5 AL 77 2.2 287 RIEHT .17 HEAD 9,38
1,18 #.2.7 207 2.9 767 RIBHT 2,85 HEAD 0,50
120 K23 207 3.2 312 RIGHT .08 TAIL 9,83
.22 AL 207 43 294 RIBHT 1,79 HEAD 023
11,25 8.2.5 207 1.5 274 RIBHT 3.22  HEAD 1.37
1.7 A2 247 5.6 242 RIBHT .20 HEAD 1,59
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Wind Data
US-Canadian Test

APPROACH
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACK COMPONET
HEADING SPEED DIRECTION {RIGHT/LEFT) (HEAD/TAIL)
TIME EVENT  (DEGREES)  (ENOTS) (DEGREES) DIRECTION  (KNOTS)  DIRECTION {ENOTS)
11:26 £-32 120 3.90 250 RIGHT 2.99 TAIL 2.51
11:33 C-34 120 4.30 la5 RIGHT 3.04 HEAD 3.04
11:41 C-36 120 4.30 165 RIGHT 3.04 HEAD 3.04
11:56 C-38 120 .30 160 RIGHT 2.76 HEAD 3,29
12:03 C-40 120 2,60 160 RIGHT 1.67 HEAD 1.99
12:09 C-42 120 2.60 160 RIGHT 1.67 HEAD 1.99
12:16 C-44 120 3.90 220 RIGHT 3.84 TAIL 0.68
12:25 C-46 120 3.90 220 BIGHT 3.84 TAIL D.68
12:31 C-4B 120 1.90 250 RIGHT 2.99 TAIL 2.51
12:39 C-50 120 3.90 250 RIGHT 2.99 TAIL 2.51
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION {RIGHT/LEFT) (HEAD/TAIL)
TIME EVENT (DEGREES) (ENOTS) (DEGREES) DIRECTION (ENOTS)  DIRECTION (ENOTS)
0B:43 ce-10 120 2,20 130 RIGHT 0.38 HEAD 2.17
DE:52 ce-12 120 3.50 170 RIGHT 7.68 HEAD 2,125
08:58 ee-14 120 3,50 170 RIGHT 2,68 HEAD 2,25
10:36 ce-16 120 Z.60 190 RIGHT 2,44 HEAD 0.89
10:45 co-18 120 2,60 180 RIGHT 2.25 HEAD 1.30
10:52 ce-20 120 2.60 180 RIGHT 2,75 HEAD 1.30
10:59 ce-22 120 2.60 180 RIGHT 2,25 HEAD 1,30
11:07 Co-24 120 4,30 230 RIGHT 4,04 TAIL 1,47
ATRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION {RIGHT/LEFT) (HEAD/TAIL)
TIME EYENT (DEGREES)  (KNOTS) (DEGREES) DIRECTION  (ENOTS)  DIRECTION (ENOTS)
11:40 Cid-131 120 4,30 200 RIGHT 4.23 HEAD 0.75
11:54 CZ-33 120 4,30 180 RIGHT 3,72 HEAD 2.15
12:01 CZ-35 120 5,20 170 RIGHT 3.98 HEAD 3.34
12:008 £Z-37 120 5,20 170 RIGHT 3,98 HEAD 3.34
12:15 CZ-39 120 4,30 180 RIGHT 3.72 HEAD 2.15
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACK COMPONET
HEADING SPEED DIRECTION {RIGHT/LEFT) {HEAD/TAIL)
TIME EVENT (DEGREES)  (ENOTS) (DEGREES) DIRECTION  (KNOTS)  DIRECTION {ENOTS)
08:16 cY- 2 120 3.90 215 RIGHT 3,89 TAIL 0.34
08:27 CY- & 120 3.80 215 RIGHT 3,89 TAIL 0.34
08:33 CY- & 120 3.50 210 RIGHT 3,50 NO H/T WIND 0.00
11:40 CY- & 120 3,50 180 RIGHT 3.03 HEAD 1.75
11:47 CY-10 120 4,30 180 RIGHT 3.72 HEAD 2.15
11:52 CY-12 120 4,30 180 RIGHT 3.72 HEAD 2.15
11:58 CY-14 120 4.30 180 RIGHT 3.72 HEAD 2.15
12:04 CY-16 120 6.10 200 RIGHT 6.01 HEAD 1.06
12:10 CY-18 120 £.10 200 RIGHT 6.01 HEAD 1.06

AFFPENDIX B —-- Page 8




Wind Data
US-Canadian Test

FLYOVER
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACKE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIME EYENT {DEGREES) {KNOTS) (DEGREES) DIRECTION (ENOTS) DIRECTION (ENOTS)
08:35 Al-1 300 0.50 360 RIGHT 0.78 HEAD 0.45
08:35 Al=2 120 0.90 360 LEFT 0.78 TAIL 0.45
08144 Al=-4 120 0.90 360 LEFT 0.78 TAIL 0.45
08:46 Al-5 300 0.90 60 RIGHT 0.78 TATL 0.45
0B: 49 Al-6 120 0.%0 60 LEFT 0.78 HEAD 0.45
08:51 Al=7 300 0.90 a0 RIGHT 0.7B TAIL 0.45
0B:55 Al-3 120 0.90 60 LEFT 0.78 HEAD Q.45
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) {HEAD/TAIL)
TIME EVENT (DEGREES) (ENOTS) (DEGREES) DIRECTION (ENOTS) DIRECTION {ENOTS)
0B:19 AA=1 120 .50 190 RIGHT 3.29 HEAD 1.20
0B:22 Ah=-2 300 3.50 190 LEFT 3.29 TAIL 1.20
08:24 AA-13 120 3.50 130 RIGHT 3.29 HEAD 1.20
DB:29 Ak-5 120 3.50 190 RIGHT 3.29 HEAD 1.20
08:31 Ah=f 300 4.30 180 LEFT 3.72 TAIL 2.15
OB:34 AA-7 120 4.30 180 RIGHT 3,77 HEAD 2.15
08:36 AA-8 300 4.30 130 LEFT I 72 TAIL 2.15
ATRCRAFT WIND WIKD CROSS WIND COMPONET ON TRACK COMPONET
HEADING SFEED DIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIME EYENT (DEGREES) (KNOTS) (DEGREES) DIRECTION (ENOTS) DIRECTION (ENOTS)
11:24 AZ-26 300 4,30 10 LEFT 4,04 TAIL 1.47
11:28 AZ-27 120 4,30 190 RIGHT 4,04 HEAD 1.&47
11:30 AZ-28 3a0 4,30 200 LEFT 4,23 TATL 0.75
11:33 AZ-29 120 4,30 200 RIGHT 4,23 HEAD 0.75
11:36 AZ=30 300 4.30 200 LEFT 5,23 TAIL 0.75
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) {HEAD/TAIL)
TIME EVENT {DEGREES) (ENOTS) (DEGREES) DIRECTION (KNOTS) DIRECTION (ENDTS)
12:16 AY-19 300 &,30 205 LEFT 4.28 TAIL 0.37
12:20 AY-20 120 4.30 205 RIGHT 4,28 HEAD 0.37
12:23 AY=21 300 4.30 205 LEFT 4,28 TAIL 0.37
12:25 AY=-22 120 4,30 205 RIGHT 4.28 HEAD 0.37
12:36 AY-23 300 5.20 170 LEFT 3.98 TAIL 3.34
12:38 AY-24 120 5.20 170 RIGHT 3.98 HEAD 3.34
12:40 AY=25 300 5.20 170 LEFT 3.98 TAIL 3.34
12:47 AT-27 300 5.60 190 LEFT 5:26 TAIL 1.92
12:51 AY=-28 120 5.60 190 RIGHT 5.26 HEAD 1.92
12:54 AY=29 300 5.60 190 LEFT 5.26 TAIL 1.92
12:57 AY=30 120 5.60 194 RIGHT 5.26 HEAD 1.92
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Wind Data
US-Canadian Test

TAKEOFF
ATRCRAFT WIND WIND CROSS WIND COMBONET ON TRACKE COMPONET
HEADING SPEED PIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIME EVENT (DEGREES)  (ENOTS) (DEGREES) DIRECTION (KENOTS) DIRECTION (ENOTS)
11:28 B-33 300 4,30 165 LEFT 3.04 TAIL 3.04
11:52 B-37 aoo 4,30 160 LEFT 2.76 TAIL 3,29
11:59 B-39 300 4.30 160 LEFT 2.76 TAIL 3.29
12:06 B=41 300 2,60 160 LEFT 1.67 TAIL 1.99
12:12 B-413 300 2.60 160 LEFT 1.67 TATL 1.99
12:21 B-45 300 3.90 270 LEFT 3.B4 HEAD 0.68
12:28 B-47 300 3.90 220 LEFT 3.84 HEAD 0.68
12:34 B-49 300 3.90 250 LEFT 2,99 HEAD 2.51
12:47 B-52 oo §.30 230 LEFT &,04 HEAD 1.47
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIHE EVENT  (DECREES) (ENOTS) (DEGREES) DIRECTION (KNOTS)  DIRECTION (ENOTS)
08:47 BR-11 300 3.90 175 LEFT 3.19 TAIL 2.24
08:54 BE-13 300 3.90 175 LEFT 3.1%9 TAIL 2.24
10:32 BE-15 300 2.60 190 LEFT 2.44 TAIL 0.89
10:41 BB-17 300 2.60 190 LEFT 2.44 TAIL 0.89
10: 48 BB-19 300 2,60 180 LEFT 2,25 TAIL 1.30
11:03 BBE-213 300 §,30 230 LEFT §.04 HEAD 1,47
11:10 BB-25 300 &.30 230 LEFT 5.04 HEAD 1,47
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIME EVENT (DEGREES) (ENOTS) (DEGREES) DIRECTION (ENDTS) DIRECTION (ENOTS)
11:49 BRZ-32 300 4,30 180 LEFT 3.72 TAIL 2.15
11:57 BZ-134 300 4,30 180 LEFT 3.72 TAIL 2.15
12:04 BZ-36 300 5.20 170 LEFT 3.98 TAIL 3.34
12212 BZ-38 300 5520 170 LEFT 3.98 TAIL 3.34
12:18 BZ-40 300 4.30 180 LEFT S i TAIL 2.15
AIRCRAFT WIND WIND CROSS WIND COMPONET ON TRACE COMPONET
HEADING SPEED DIRECTION (RIGHT/LEFT) (HEAD/TAIL)
TIME EVENT (DEGREES) (ENOTS) (DEGREES) DIRECTION  (ENOTS) DIRECTION (ENOTS)
0B:25 BY- 3 300 3.90 215 LEFT 3.89 HEAD 0.34
08:30 BY- 5 o0 3.50 210 LEFT 3.50 NO H/T WIKD 0.00
11:44 BY- 9 300 4,30 180 LEFT 3.72 TAIL 2.15
11:49 BY-11 300 4.30 180 LEFT 3.72 TAIL 2.15
11:51 BY-13 oo 4,30 180 LEFT 3.72 TAIL 2.15
12:01 BY-15 300 6.10 200 LEFT 6.01 TAIL 1.06
12:06 BY-17 300 6.10 200 LEFT 6.01 TAIL 1.06
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY : AUSTRALIA
OPERATION :  TAKEOFF
TEMPERATURE  RELATIVE
EVENT TIME (DEGREES C) HUMIDITY (%)
12 10:21 9.5 70
13 10:24 9.5 70
14 10:28 9.5 70
15 10:31 9.5 70
16 10:34 9.5 70
17 10:36 G.5 70
18 10:39 9.5 70
19 10:42 9.5 70
20 10:45 10.0 65
21 11:04 10.5 65
24 14:00 12.5 50
25 14:03 12.5 50
26 14:07 12.5 50
27 14:10 12.5 50
28 14:13 12,5 50
29 14:16 12.5 50
COUNTRY : AUSTRALIA
OPERATION :  APPROACH
TEMPERATURE  RELATIVE
EVENT TIME (DEGREES C) HUMIDITY (%)
g 09:03 B,D BO
9 09:08 8.0 80
10 09:15 8.0 75
11 09:20 B.0 75
22 11:08 10.5 65
23 11:12 10:5 60
30 14:18 12.5 50
37 15:39 12,5 50
COUNTRY : AUSTRALIA
OPERATION : LEVEL FLYOVER
TEMPERATURE = RELATIVE
EVENT TIME (DEGREES C) HUMIDITY (%)
1 08:25 7.0 75
2 08:28 7.0 75
3 08:32 7.0 75
& 08:35 7.5 75
] 08:39 7.5 75
b 08:42 7.5 75
7 08:45 7.5 BO
3l 14:50 12.0 50
32 14:53 12.0 50
33 14:56 12.0 50
34 14:58 12.0 50
35 15:32 12.5 50
36 15235 12,5 50
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY JAPAN
OPERATION :  TAKEOFF
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
Al- 35 14:02 DEC 1 10.4 58
Al- 9 L14:14 DEC 1 10.3 68
Al1-13 14:24 DEC 1 10.3 74
A1-33 09:13 DEC 2 7.8 72
A1-37 09:26 DEC 2 8.3 70
A1-41 09:40 DEC 2 0.4 68
Al-45 10;16 DEC 2 10,8 &0
Al-49 10224 DEC 2 11.1 56
Al-53 10:34 DEC 2 11.4 52
A2-21 15:12 DEC 1 10.1 72
AZ-25 15:20 DEC 1 10.3 69
AZ-29 15:32 DEC 1 10,5 65
A2-57 1111 DEC 2 13.1 45
A2-61 11221 DEC 2 13.2 44
A2-65 11:30 DEC 2 13.3 43
A2-69 12:00 DEC 2 13.7 48
AZ-73 12:10 DEC 2 14.1 46
AZ-T7 12220 DEC 2 14.5 42
COUNTRY : JAPAN
OPERATION :  APPROACH
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
Bl- 8 14:10 DEC 1 10.4 65
Bi-12 14:21 DEC 1 10.3 72
B1-16 14:31 DEC 1 10.2 78
Bi-36 09:23 DEC 2 8.2 70
B1-40 09:37 DEC 2 9.2 68
B1-44 09:48 DEC 2 9.7 67
B1-48 10:21 DEC 2 11.0 57
B1-52 10:30 DEC 2 11.3 53
B1-56 10:40 DEC 2 11.7 50
B2-24 15:18 DEC 1 10.2 70
B2-28 15:29 DEC 1 10.4 66
B2-32 15:40 DEC 1 10.6 62
B2-60 11:18 DEC 2 13.2 &4
B2-64 11:28 DEC 2 13.3 43
B2-68 11:39 DEC 2 13.4 43
B2-72 12:07 DEC 2 14.0 47
B2-76 12:17 DEC 2 14.4 43
B2-80 12:28 DEC 2 14.9 40
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY : JAPAN
OPERATION : LEVEL FLYOVER
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
Cl1-39.1 09:34 DEC 2 9.0 69
Cl1-39 09:30 DEC 2 8.7 69
C1-35 09:17 DEC 2 7.9 71
C1-35.1 09:21 DEC 2 8.1 71
C2-74 12:15 BEC 2 14.3 4y
Ci-78 12125 DEC 2 14,8 41
C2-59 11:16 DEC 2 13.1 &4
C2-63 11:25 DEC 2 13.3 §4
D1-34 09:15 DEC 2 7.8 72
D1-38 09:28 DEC 2 8.5 70
D1-34.1 09:19 DEC 2 8.0 71
Dl-38.1 09:33 DEC 2 8.9 69
D2-58 11:13 DEC 2 13.1 45
D2-62 11323 DEC 2 13.2 44
D2-66 11:33 DEC 2 13.3 43
D2-70 12:02 DEC 2 13.9 48
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COUNTRY

TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

: FRANCE AERO/STNA

OPERATION :  TAKEOFF
START TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
88.00 12:21 OCT 17 17.6 72
89,00 12:23 OCT 17 17.6 72
90.00 12:26 OCT 17 17.6 72
91.00 12:29 OCT 17 17.6 72
92.00 12:32 OCT 17 17.6 72
93,00 12:34 OCT 17 17.6 72
94,00 12:37 0CT 17 17.6 72
COUNTRY : FRANCE AERO/STNA
OPERATION :  APPROACH
START TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
a8 16:00 OCT 17 17 78.5
99 16:04 OCT 17 17 78.5
100 16:08 OCT 17 17 78.5
101 16:11 OCT 17 17 78.5
103 16:18 OCT 17 17 78.5
104 16:25 OGT 17 17 78.0
105 16:28 OCT 17 17 78.0
COUNTRY : FRANCE AERO/STNA
OPERATION : LEVEL FLYOVER
START TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
5 11:42 OCT 16 17.0 71.0
6 11:45 OCT 16 17.0 71.0
7 11:47 OCT 16 17.0 71.0
8 11:50 OCT 16 17.2 70.8
9 11:55 OCT 16 175 70.5
10 11:59 OCT 16 17.5 70.0
11 12:02 OCT 16 17.8 69.5
12 12:04 0OCT 16 18.0 69.0
13 12:09 OCT 16 18.0 68.5
14 12:12 OCT 16 18.0 68.0
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY : UK/FRG
OPERATION :  TAKEOFF
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
Al-1 17:11 JULY 5 24.5 38.7
A1-2 17:13 JULY 5 24.3 39.4
Al-3 17:16 JULY 5 24.2 40.9
Al-4 17:18 JULY 5 24.2 40.6
Al-5 17:26 JULY 5 24.2 41.4
Al-6 17:28 JULY 5 24,5 49,9
A1-7 17:40 JULY 5 24,2 40.0
41-8 17:42 JULY 5 25.2 3B.6
A1-9 17:45 JULY 5 25.1 38.6
A2-1 11:15 JULY & 24.1 44,3
42-2 11:18 JULY 6 24,1 41.9
42-3 11:20 JULY & 24.2 42.3
A2-4 11:22 JULY 6 24.1 43.1
A2-5 11:25 JULY 6 23.8 44.0
A2-5 11:27 JULY 6 23.5 40.0
COUNTRY : UK/FRG
OPERATION :  APPROACH
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HIMIDITY (Z)
Gl=1 09:58 JULY 3 16.3 58.5
Cl— 2 10:08 JULY 3 17.0 55.5
Cl=3 10:12 JULY 2 15.8 58.3
Cl- 4 10:15 JULY 3 16.1 Te5
Cl1='5 10:18 JULY 3 16.2 57.3
Cl- 6 10:22 JULY 3 16.6 56.1
el=7 13:37 JULY 4 20.6 46.7
Cl- 8 13:40 JULY & 20.5 47 .4
Cl- 9 13:43 JULY 4 20.3 48.0
C1-1D 13:46 JULY & 20.6 47.5
CI=11 13:50 JULY 4 20.5 46.8
Cl-12 15:11 JULY 4 19.8 63.4
C1-13 16:18 JULY 4 20.4 58.1
Cl-14 16:24 JULY 4 20.3 59.8
€1-15 16:27 JULY & 20.3 59.7
C2="1 12:27 JULY 2 16.7 55.0
g2=3 12:35 JULY 2 17.0 54.8
3= 3 12:41 JULY 2 17.7 52.9
C2- 4 10:29 JULY 3 16.8 55.8
C2- 5 10:35 JULY 3 17.2 54.2
C2- 6 10:39 JULY 3 16.5 55.9
02- 7 11:36 JULY 3 17.1 52.6
C2- 8 11:39 JULY 3 17.9 52.0
Cc2- 9 11:42 JULY 3 1755 47.8
C2-11 11:49 JULY 3 17.1 50.0
C2=12 11:55 JULY 3 17.9 50.5
C2-14 12:23 JULY 3 17.4 49,7
C2-16 12:29 JULY 3 17.3 49.7
Cc2-17 12:33 JULY 3 17.3 49.6
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY :  UK/FRG
OPERATION : LEVEL FLYOVER

TEMPERATURE ~ RELATIVE
EVENT TIME DATE  (DEGREES C) HUMIDITY (Z)
Bl- 1 13:54 JULY 3 18.9 43.7
Bl- 2 13:56 JULY 3 18.7 43.8
Bl- 3 13:58 JULY 3 18.6 42.7
Bl- 4 14:00 JULY 3 19.6 43.3
Bl- 5 14:01 JULY 3 19.5 43.7
Bl- 6 14:03 JULY 3 19.7 42.4
Bl- 7 14:16 JULY 3 18.9 42.8
Bl- 8 14:18 JULY 3 19.5 43.3
Bl- ¢ 09:37 JULY 6 20.7 55.6
B1-10 09:43 JULY 6 20.2 55.9
Bl-11 09:45 JULY 6 20.2 55.2
B1-13 09:53 JULY 6 21,5 53.6
Bl-14 09:55 JULY 6 20.4 56.8
BI-15 09:59 JULY 6 22.4 50.6
B2- 1 12:47 JULY 2 17.5 52.4
B2- 2 12:50 JULY 2 18.2 50.9
B2- 3 12:42 JULY 3 158.0 47.0
B2- 4 12:45 JULY 3 19.2 46.7
B2- 5 12:49 JULY 3 17.7 47.8
B2-"7 13:02 JULY 3 19.1 47.5
B2- 8 13:05 JULY 3 18.5 48.6
B2- 9 13:07 JULY 3 18.3 48.2
B2-10 13:09 JULY 3 18.3 48.2
B2-11 13:15 JULY 3 18.5 46.7
B2-12 13:17 JULY 3 18.0 47.3
B2-13 13:19 JULY 3 18.6 47.2
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TEMPERATURE & RELATIVE HUMIDITY
METEQROLOGICAL DATA SUMMARY TABLE

COUNTRY : US/CANADA
OPERATION :  TAKEQFF
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
B-33 11:29 AUG 27 25 37
B-37 11:52 AUG 27 26 34
B-39 11:55 AUG 27 26 34
B-41 12:06 AUG 27 26 34
B-43 12:12 AUG 27 26 40
B-45 12:21 AUG 27 26 40
B-47 12:28 AUG 27 20 34
B-49 12:34 AUG 27 26 34
B-52 12:47 AUG 27 27 35
BBE-11 08:47 AUG 28 21 60
BB-13 08:54 AUG 28 21 64
BB-15 10:32 AUG 28 24 55
BB-17 10:41 AUG 28 24 59
BBE-19 10:48 AUG 28 24 59
BB-23 11:03 AUG 28 25 56
BB-25 11:10 AUG 28 25 60
BZ2-32 11:49 AUG 28 26 58
BZ-34 13:57 AUG 28 27 55
BZ-36 12:04 AUG 28 27 3
BZ-38 1:2:12 AUG 28 27 55
BZ-40 12:18 AUG 28 27 55
BY- 3 08:24 AUG 29 22 58
BY- 5 08:30 AUG 29 22 53
BY- @ 11:44 AUG 29 24 5
BY-11 11:49 AUG 29 24 58
BY-13 11:15 AUG 29 25 58
BY-15 12:01 AUG 29 25 58
BY-17 12:06 AUG 29 25 58
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY : US/CANADA
OPERATION :  APPROACH
TEMPERATURE  RELATIVE
EVENT TIME DATE (DEGREES C) HUMIDITY (%)
C-32 11:26 alG 27 23 37
C-34 11:33 AUG 27 23 37
C-36 11:41 AUG 27 26 38
C-38 11:56 AUG 27 26 34
C-40 12:03 AUG 27 26 34
C-42 12:09 AlUG 27 26 40
C-44 12:16 AUG 27 26 40
C-46 12:25 AUG 27 26 34
C-48 12:31 AUG 27 26 34
C-50 12:35 AUG 27 26 35
CC-10 08:43 AUG 28 21 60
CC-12 08:52 AUG 28 21 64
CC-14 08:58 AUG 28 21 64
CC-16 10:36 AUG 28 24 55
CC-18 10:45 AUG 28 24 59
CC-20 10:52 AUG 28 25 56
CC-22 10:59 AUG 28 25 56
CC-24 11:07 AUG 28 25 5656
CZi-31 11:40 AUG 28 26 58
CZ-33 11:54 AUG 28 27 55
CZ-35 12:01 AUG 28 27 55
CZi-37 12:09 AUG 28 27 55
CZ-39 12:15 AUG 28 27 55
CY- 2 08:16 AUG 29 22 61
CY- & 08:27 AUG 29 22 58
CY- 6 08:33 AUG 29 24 58
CY- 8 11:40 AUG 29 24 58
CY-10 11:47 AUG 29 24 58
Ci-12 11:52 AUG 29 25 58
CY-14 11:58 AUG 29 25 58
CY-16 12:04 AUG 29 25 58
CY-18 12:10 AUG 29 25 58
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TEMPERATURE & RELATIVE HUMIDITY
METEOROLOGICAL DATA SUMMARY TABLE

COUNTRY : US/CANADA
OPERATION : LEVEL FLYOVER

TEMPERATURE  RELATIVE

EVENT TIME DATE (DEGREES C) HUMIDITY (%)
Al-1 08:35 AUG 27 18 56
Al-2 08:35 AUG 27 18 56
Al-4 08:44 AUG 27 18 65
Al-5 08:46 AUG 27 18 65
Al-6 08:49 AUG 27 18 65
Al-7 08:51 AUG 27 18 65
A1-8 08:55 AUG 27 20 62
AA-1 08:19 AUG 28 20 68
AA-2 08:22 AUG 28 20 68
AA-3 08:24 AUG 28 21 64
AA-5 08:29 AUG 28 21 b4
AA-6 08:31 AUG 28 21 64
AA-T 08:34 AUG 28 21 64
AA-B 08:36 AUG 28 21 64
AZ-26 11:24 AUG 28 26 56
AZ-27 11:28 AUG 28 26 56
AZ-28 11:30 AUG 28 26 56
AZ-29 11:33 AUG 28 26 56
AZ-30 11:36 AlUG 28 26 56
AY-19 12:16 AUG 29 25 58
AY-20 12:20 AUG 29 25 58
AY-21 12:23 AlUG 29 27 48
AY-22 12:25 AUG 29 27 48
AY-23 12:36 AUG 29 27 48
AY-24 12:38 AUG 29 26 60
AY-25 12:40 AUG 29 26 60
AY-27 12:47 AUG 29 26 60
AY-28 12:51 AUG 29 24 62
AY-29 12:54 AUG 29 24 62
AY-30 12:57 AUG 29 24 62
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APPENDIX C
US NOISE DATA IN HNMRP FINAL FORMAT

The contents of Appendix C is as follows:

APPROACH DATA (in center - left - right format)

Pilot 1 = 18t OCCUTTeOCE s e s v ans ansaneess e wier 2
POk = i O OO L BTICE u e s v e i | w88 e s oo T e e 3
Pilot 2 — lst OCCUTTETCE.ecaa. R e R T ST 4
Pllot 2 - Ind 0CCUITENCE, svtrenneasnnss LI e A R T 5
Three-microphone averages for Approach operations...... 6
LEVEL FLYOVER DATA (in center - left - right format)
Pilot 1 — 18t OCCUTTEOCE,: causasss BTALE AT ] e T P LAY T R 7
8 g il SRR T NS PRl b ot o T e e s g s e e iy S R 8
Pllot 2« el OCCUTTeDCR s et daie s e s Tala s e e ara s (e ala ie 8
Pilot 2 — 2nd 0ceurrence. . v s ssss e e e e 10

Three-microphone averages for Level Flyover operations. 11

TAKEOFF DATA (in center — left - right format)

Pilot 1 = 18t OCCULT OO . e ivcsnnrennnessans T 12
Pilot 1 - 2nd occurrence. . .ooeeenss B R Wb e e P ST L 13
Pilot 2 = 1ot OCCUTTETICE . 4 v v vvwusennssssessssss e 14
Pllot 2 - Ind occurrenclecesssssas A AT e ) b eue LD
Three-microphone averages for Takeoff operations....... 16

Appendix C

US Data

US NOISE DATA
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& APPROACH PILOT 1-1
CENTERLINE CENTER

EPNL. GEL PNLTa Alm DURA BIRP T

L |

BAND  MAX  NDY BAKDS

£3Z 3.3 BE.Z 9A4 CBLG (145 120 L3 1B i} 24 24
4 92,9 %0.3 9.6 BLS I%.0 8.3 0.9 18 A 24 ib
Cie 3190 B9 38 B0 ST 1Ay g i 25 26 L
38 93.0 %0.4 94.0 -BLA 21,5 1.0 1.2 23 ] 7 2
[40 93.7 913 %54 B3 1.5 55 O 18 25 4 21
C42 930 90.3 95,2 Hi.6 185 17,00 1.7 1 2 ¥} 27
C44 %3.0 %0.5 933 &8L.5 ‘200 20.3 (0.7 22 22 25 21
C4h 72,7 E9.8 #4.8 824 125 155 Q0.9 ¥ ¥l pi. 27
C4g 906 B7.E BLY 7B G 1% 0T Fr] 23 a2 z
L3l 92,5 BY%.7 937 By 180 120 1.0 23 23 2 23
AVE 9.3 B9.7 Wn1 BT 1000 1. 1.0 24 23 25 24

STDDEV &% 1.1 L0 » B2 LR 03

LT BE 0T Wh L GRR g 02

SIDELINE LEFT

EPNL  SEL PNLTe ALe DURA DURP TC BAND  MAX KDY BANDS
£3i2 WA BL7 BRI 7.0 30.3 LI 1 18 ¥A) 24 22
£34 881 B2 8.9 1.4 340 320 LD 19 23 a2 2

Lt MA
C3E WA
€40 B7.9 B3.B BE.6 3.2 3.0 29.0 LB 7 23 e H
Ciz 87,4 8.7 88.0 73.7 M5 B0 Laé ) d 3 73
f44 87,1 CERT ES7 R0 39.8 30 LG ) 24 23 ¥
Ci4 Bb.6 82,7 B7.2 T7L% 35 M0 L3 2 i) par] 2
C4f Bh.5 B33 BAd4 730 355 L0 L 28 3 24 2b
€5 8L9 B30 BLS 7L AF MO 13 27 24 3 3
AVE B7.2 B3.4 BA9 725 354 31 LS 3 14 13 15
BIDDEY 0.6 05 12 4.0 51 b 43
fiz LI 05 04 0B 0.7 3 4L 0.2

SIDELENE RIGHT

EPNL  GEL PHLTe Ala DUR A DORP T
€32 5.9 4.0 5.1 77.8 260 24,0

BAND  MWAY  HOY  EANDS
2] 4 27 b

=

L

1.7
L34 91,1 BA.3 9L.% 782 2.0 265 L9 7 4 23 27
C36 917 890 91,57 77.8 345 3.0 L8 i) 3 24 a1
C38 %.7 BE.BE A7 780 220 N5 L9 27 23 27 14
C40 %0.4 BL.6 BT 1RO 268 2500 T a 24 23 27
{42 B8.%9 B4.0 BE.4 75.7 ZATF W5 0 27 24 Ay FA
C44 90,6 BB.O BY.4 742 3LF WS LG ) i 24 Fa]
C46 92,4 89.8 91.8 79.0 285 27.0 0.9 i) 23 24 28
cig 90,5 B7.6 9.2 7.9 A5 MI L3 a7 2 a7 23
(50 90,8 #67.9 90.4 7.6 2.0 235 0.7 7 24 3 25
AVE 91.0 B8.2 90.9 7.6 258 259 L6 27 4 25 23

BTDODEV 1.0 L0 L2 L0 3B T 0.4

S0t Cl 6.6 0.6 07 06 22 LI 0.1

U3 NOISE DATA
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& APPROACH PILDT 1-2
CENTERLINE CENTER

EPHL
CI31 93.0
L1353 93.0
€133 93.0
Ci37 91.6
C137 92.1

MG 92.7
5TD DEV 0.4
0L L1 0.4

SIDELINE LEFT

EFHL
(231 87.6
L1353 87.0
C125 84.4
Li37 Ba.%
€139 87.8

AVE Bb.Y
oD DEVY 0.8
0L €I 0.E

SIDELINE RIGHT

EFHL
C131 90.4
L33 90,8
€133 91.7
CI3T 0.9
C137 B8.4

AVE 0.4
5T DEV 1.2
903 01 1.2

SEL
70.4
70.1
50.4
89.7
B%.7

SEL
84,2
B3.4
83.0
BL6
84.7

SEL
87.4
B7.9
8%.1
8.0
B5.7

— -
L

FHLTa
.3
.0
3.4
.9
§l.46

240
0.8
0.8

PHLT
B89
B7.4
ga.2
B4.3
7.8

e =
5 = =
LA ORA L

PhLTa
70.4
89.9
2.1
7.1
B7.4

— -y
H - -
e L = = O |

Ala
B2.2
0.8
BL.0
B2.0
81.5

B1.5
0.6
0.6

fle
T2
72.3
i S
T0.4
3.4

el
= e B3

Al
Tb.8
ii.1
8.5
78.4
13,2

T O B
Ein A
= OO
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DUR A BUR P
193 20.0
20,0 18.3
17.0  I18.0
7.5 19,0
18.0 18,3

188 1.0

172 6.8

DUR A DUR P
9.5 2.0
3.5 M5
6.8 Jh.0
Je.d  29.5
.0 2410

4 2
R = B3

(]
[ ]
- SO =T

DUR & DUR P
0.5 2.0
26,8 28,0
26.3 115
30 1L
2.0 3.5

ra
L L =
L
o o
- . ®
[, B = = B =

1C
0.7

US NOISE DATA

BAND

-4
ad

24
25
25
23

23

BAND
1
23
28
b
2

i

BAND
i)
b
27
24
7

pi:]

GG
23
94
75
5
25

25

HAY
23
3
25
23
H

2

HAX
24
23
24
el
i

24

DY
22
25
i
4
23

4

DY
24
24
24
12
23

24

hoy
23
]
3
PaS
a7

rH]

BANDS
3
24
27
b
24

2b

BANDS
22
4
28
¥
Fa]

24

BANES
27
7h
¥h]
26
23

23



& APPRDACH PILOT 2-1
CENTERLINE CENTER

EPNL
CC10 92.9
CCI2 92.%
CC14 90.4
CC1s 90.4
CC1B 93.4
CC20 92.%
CE22 93.5
CC24 93,2

AYE 2.4
STDDEV 1.3
01 L1 0.9

SIDELINE LEFT

EFAL
CLI10 83.7
CC1Z Be.1
CC14  NA
LEls B5.0
CC18 B5.8
CC20 87.0
(L7 88.7
[CZ4 BL.4

MG Bh. 4
51D DEV 1.2
0TI 0.9

SEL
90.2
0.1
B7.4
87.7
91.1
0.1
90.9
90,5

B%.7
1.4
0.9

SEL
82.2
82.3

al.
82,
83,
g5,
82

= SIS - -]

Bl.
5.
0.

o e o

PHLTm
94,8
84,1
9.2
23.8
74,8
84,3
74,2
T5.1

9

[ e
O -0 LN

FiLT
B&.9
BE.5

8l.7
B3.5
Bb.2
BA.4
BA. B

.._‘....:.-.
=
— e

EIDELINE RIGHT

EFHL
CE1D 92,1
CC1Z 90.9
CCl14 88,3
CCls 90.4
CCIE %0.8
Cc20 91.8
CC22 90.1
CC24 91.5

AVE 90.8
57D DEV 1.1
% CI 0.8

SEL
89.4
8.2
Bb. 1
88.40
B7.%
B9.6
B7.2
BE.9

BA.2
1.1
0.8

FHLTa
7.3
30.5
9.0
1.
7l
.
72,
B1.

L P B =

7

..
0= = =

fle
Bl.&
§3.2
80,3
81.2
82.3
8.7
82.3
82,2
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DUR A& DUR P
5.0 145
15.0  13.0
4.0 13.5
13.5 14,0
3.3 150
14,5 14.0
16,6 1.5
16,0 1435

i

£ s
e D
OO b

DURA DURP
J6,0  19.0
325 28.0

Eed el Eed
—_ '--.I.Fb
(=1 n LA
=3 B el B3 Led
~l O LA =4 Th
R Cm s T thie
L= % B - S R ]

P

E-ﬂlLlltﬂl
S |

DUR & DURP
2.0 2.0
.0 .3
8.0 28.0
1.5 17.5
2.0 20.5
2.3 19.0
1.5 140
0 330

[ e
- = &
= o
- LR Fd
- =d

T

— T e e
e T T e N
L S B B B o B — T = |

[ = — S e B s
= N = = - . - .
— FJd o odw =0 B LN s

L el o ] )
L = = = = i . e N |

AT
= LN oo

15 NOISE DATA

BAND
28
23
23
23
i
0
i
23

25

BAND
23
19

¥
19

19

3

BAND
28
V3]
27
24
v
1
i
27

7

HAl
23
25
Fri
23
23
23
25
5

25

MAX
23
23

3
23
23
24
23

23

LE
28
24
27
24
2
24
3
24

23

NOY

24
25
24
2
24
23
2b

o

NOY
22

35
24
24

24

HOY
27
23
24
26
43
3
a7
27

b

BANDS
i1
26
24
2b
b
24
¥
24

25

BAKDS
b
24

24
23
33
i
24

b

BANDS
b
27
24
23
7
a7
24
23

¥l




£° §PPROACH PILOT 2-2
CENTERLINE CENTER

EPNL  SEL PHLTa ALa DURA DURF T

[ ]

BAND  HAY MDY BANDS

02 2.1 8.3 L3 BLY 125 130 1.4 23 23 2h 14
Cyé 92.9 90.0 %3.5 B0.7 13.5 6.0 0.8 12 24 22 25
Cvé 92,8 %0.1 93.8 BL.O 15.0 13.0 0.B 23 23 23 26
fYe 7.8 89.% 9.3 @LO0 155 155 0.8 23 il 23 2
CY1D 93.4 90.7 941 BI,1 185 1.5 0.7 i ¥ i 4 2
CY12 2.3 A9.4 %49 824 145 15.3 0.9 17 21 7 4
CYl4 92,8 %0.0 %3 BL.B 17.0 17.0 0.8 i b 28 3
CYls 93.3 90.6 %48 B2.7 155 1.0 0.9 27 3 2 I
CYIE-9Z:0 %001 950 BLA HLF ARE B 15 ¥ i 3
AVE 32.8° 90.0° §4.2 BL& 157 1400 OB 23 23 23 24
SIDIEY 0.4 0.0 2006 07 LB LY bl
@1 Ll 0.3 0.3 0.4 0.5 1.1 1.2: 0.1
EIDELINE LEFT
EPKL SEL  PHLTE Ma DURA DURP TC BANE  MAX KOY  HANDS
{Y2 Be.l 82,6 858 70.% 360 24,5 1.2 19 J 24 i
CY4 B7.2 B39 B34 7L7 455 .3 14 2 5 32 4
Cé WA HI.E BT.b 734 160 NE o Lb 27 24 23 5
Evl B7.6 84,2 B2 3.6 360 3G 0.8 27 24 23 23
CYi0' 849 B35 854 Lo 420 30.5 1.5 Fy) 23 24 7
CYi2:B6.7 B0 B&.¥ TI.® 300 299 1.2 19 3 22 28
EY14 B7.1 837 861 LT 85 MEF L8 28 23 24 26
C¥i5:-87.9 RACk" BE.O Vb 300 2NE 1.1 1% 23 24 22
Cvig 87.4 B4,0 B85 741 28,0 19.0 1.8 z 24 23 ¥
Ve 87 BRT CBET 1.6 3B LA L4 24 25 24 2b
SHEOEY | WA G L L A8 5k lid
%Ll 0.4 OY 0T 00 E % B
SIDELINE RIBHT
EPEL SEL PNLTa fle DURA DURP TC BAND  MAY KDY  BANDS
CYZ2 907 BR.QC 9RO F7.4 2000 AT0 L7 7 5 a7 13
CY4 971 B%E 34 T G 20 L® a7 24 27 23
CYs 91,20 BR.¥ 3LE B3 (260 250 LT i7 14 2 23
Cya 92,1 B0 '95.00 7R R0 1.0 Rb a1 24 23 i)
CYI0 92,30 B9.10 920 8.7 2500 4.y LY 7 e 23 27
CYi2 91.% 8%.1 95.0 BO.4 20,0 19.5 1.3 27 4 P )
EY14 92,6 893 9.7 7B.8; 3.0 250 2.3 P 24 I 3
CYis 90,6 B7.7 9L.7 7JB.7 0.0 2.0 1.7 ) 24 a1 FE]
CYig 8%.1 B&2 89,3 T8 A8 55 L4 v 24 23 23
AV 1.4 BE.S 2.0 TR 22,7 0.8 LB 27 L 2 24
ETODEY 1Y LG L2 2 T 42 0.3
el 67 0k 0B 08 L4 LA 0.2

US NOISE DATA
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Pilot

EFNL
£i2  N&
L3 90.7
L3 WA
£38  NA
C40: 90.7
C42 B9.8B
C44- 70,2
C46 %0.4
C48 89.2
C30 90.0

AvE 90,2
STD DEV 0.4
FX L1 0.4

SEL
Bh. 4
Bl.4

NA

N
8T8
86.7
B7.4
B7.4
84,2
Ba.%

B7.1
0.5
0.4

1-—

PALTe
0.5
§1.5
R4
KA
21.9
20.5
g%.8
91.3
£9.8
B7.9

0.6
0.9
0.8

APPROACH
Three Mic Averages

.

Aln
Th.b
7.1

A
iy
8.3
71.7

71.8

Pilot 2-1

EFHL
CLio 90,2
CE12 90.0
CC14  hA
CCis 3B.4
CCI8 90.0
CC20 90.4
CC22 30.8
CC24 20.4

AVE §0.1
STO DEV 0.7
02 C1 0.3

SEL
87,3
Ba. 9%

KA
83,8
B7.2
B7.4
8.7
B7.3

8

GP‘-J-
LN O5 e

FNLTa
91.0
910
HA
B9.7
90.5
90.7
9.6
91.0

0.8
0.8
u'#

Ala
1.5
s

HA
16.7
1.1
183
78.4
17.0

71.3
0.3
0.4

Pilot

EPHL
£131 99.3
€233 90.3
C133 70.4
CI37 B89.H
L1397 BR.4

AVE 50,0
570 DEY 0.4
0t C1 0.4

SEL
B7.4
7.1
B7.5
Bb. B
B5.7

B7.1
0.4
0.3

Pilot

EPHL
CY2 B9.4
cY4 70,7
CYé  NA
CYE %0.8
CYi0 50.9
CYiz 70,3
CYl4 50.8
CYls 0.4
Cyle 89.7

RVE 9.3
57D DEV 0.3
0% 01 0.4

US HOLSE DATA
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SEL
B6.7
B7.8
B7.3
B7.7
B7.8
87.2
81.7
B7.6
Bs.8

B7.4
0.4
0.3

1-2

FHLTa
B0.5
90,5
90,2
90.1
89.6

90.7
0.4
0.4

Ala
i)
16.7
71.2
7.0
78.0

[
=
(==

7

(= =
(4, g &, |

2-2

FNLTa

0.4
0. 4
9l
9.2
90.7
.8
7.1
7l.3
90.9

71.0
0.4
0.3

Ale
Th.3
7.0
11,6
77.8
7.4
78.2
77.8
78.3
77.4

7.3
0.4
0.4




Al
A2
As
A3
Ab
A7
HB

AVE
STD DEV
§0I CI

Al
a2
A4
A3
Ak
R7
AH

AVE
STD DEV
501 C1

#l
A2
#d
S
A
A7
)

AVE
STD DEV
901 L1

LEVEL FLYOVER PILOT 1-1
CENTERLINE CENTER

EPKL
B87.2
87.2
B7.2
B.6
Bo.&
B5.3
6.8

B&.

o T e R = )
- -
L = = ]

SIDELINE LEFT

EFHL
82.4
B7.2
87.9
87.1
B7.1
B87.2
B7.4

81.3
0.3
0.2

BEL
B3.8
Bl. %
Bl.9
Bi.2
B3.3
Bi.2
Bi.&

B

L= — ]
3 e o

SEL
83.9
B3.5
B4.2
B4.0
B3.5
Bi.7
B3.B

B3.8
0.3
0.2

PNLTa
9.4
B9.3
88.7
83.4
Be.%
Bg.%
g7.1

g

L = e i ]
" . -
B fed

SITE 2

FNLTa
Bg.2
B7.4
BE.4
B7.b
BE.1
BE.3
g7.8

BE. O
0.4
0.3

fiLa
76,0
75.8
759.3
15.5
75,4
13.8
153

T34
0.2
0.1

v

fAle
14,2
13.2
3.9
73.%
4.0
74.5
Ti.4

3.9
0.5
0.3

SIDELIME RIGHT SITE 2 & 3

EFNL
Bb.&
Bb.&
6.6
BS.5
B5.3
Bb.3
Bb.3

B6. 3
0.4
0.3

BEL
Bi.l
R
83.2
B2.2
B2.8
B2.%
B3.0

2.9
0.3
0.3

FNLTa
B7.&
B7.b
B7.7
BS.7
B7.3
B7.7
B7.2

1.3
0.7
0.5

Alm
74,2
73.9
T4.1
131
73.9
74.4
73.9

73,9
0.4
0.3

DURA DIRP T
1.5 10,5
14,0 13,3
16.0 4.0
12.0  10.0
130 135
1.0 10.0
15:3 15:0

Lo |

_.._.._._..._.._.._.
B e e S e
o I — R ST S

13. 12.

b
S I 1
g

— =
Ll = e |
— b3 P
&

DUR-A DURP T
11 FiA I - T
2.0 220 |
5 29 i
0.0 A5 L
¢4 BT L T |
0t 1990 |
1 P S 7

2.7 W L3
24 LB 0.2
g L3 - b

DUR A DURP TC

1LV < T |
g A0 LY
- LU (T S
th:0 450 Ll
1S cBhD - ki3
17.0 150 1.4
1.5 155 1.3
7 A 1. 7= S i
7 B - |
0.6 &4 0.1

US NOISE DATA

BAND
2
23
&3
23
22
3
23

3

BAND
22
20
22
22
0
20
0

21

BAND
22
22
24
22
i

"
&

2

ol
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HAX
3
23
25
23
26
3
3

24

HAX
3
23
3
3
3
23
23

24

HAY
e
24
2
24
24
FL
24

24

NOY
2h
26
23
25
23
2
26

25

NOY
33
33
2
34
33
34

T
o

i2

NOY
23

T
w

34
24
34
2

-
(Ll

29

BANDS
27
27
27
27
27
22
7

28

BANDS
32
31
33
32
H
3
32

33

BANDS
a3

T
o

27
34
33
25
4

32



LEVEL FLYDYER PILOT i-2
CENTERLINE CENTER

EPNL SEL PNLTs Alm DURA DURP TC BAND  MAX  NDY BANDS

AI27 B7.7 B4 %0 TR 130 125 1. YRS 23 2h 12

AIZB B1.9 BA.6 'R12 TS 1HO 0.0 4.2 3 23 2h i

RI2T:ET.T BLT 9LI NI 1m0 WUiF L4 21 23 2 17

A130 B7.6 B4.1 %00 TE.4 135 150 L1 3 23 b 7

AVE B7.7 B5.3 90,6 768 1206 118 L2 ) YRl 25 26
ST DEY 0.2 0.2 07 06 11 L3 0N
WEET B Ry 4R 0T LY L 2

SIDELIME LEFT BITE 2 & 3

EFNL  GEL PNiTe Ale DURA DURP TL BAND  HAY  HOY BENDS
RLZ7 BB CBAG 90l 7RT 19.5 17.5 L 2 23 34 32
AIZ8-B7.B  BA.4 B%.e To.8 200 1RO 1D 22 2 34 33
RI?9 B7.5 B3.4 B9.4 T4E 1S 6.0 1.4 2 23 22 24
A130 B7.7 B&I (B9.e TE.B 1.7 110 14 22 I 3 33
AV B7.7 B4.0 B9.7 757 1B.8  1T.1 1.5 i 3 i i
STO-DEV 0.1 1k s T | I 1.7 0.% 0.1
vty I i T S Vo7 1 AL e 5 1 R ¢ |

GIDELINE RIGHT SITE 2 % 3

EPNL  GEL PHLTe Alm DUR A DUR P 7C BAND  MAX  NOY BANDS
R127 Bp.7 B3] Bl 75T 1D 1A O.B 2 3 3 24
RIZE-BA.4  BR.1 BB T4 QB0 1R LD 22 yi] 21 b
A127 Be.1 CBEO ARG (7. 150 IEE ik i1 g 34 33
AI30-B6.0: BR.S CAT.B M2 RO B6D 1.2 2 L 35 22

AVE B6LE GBIl TR TRTT D 186 0.9 2 27 32 24
STDDEY X TS 0y LT LR CAURE i)
v ke R SR N, ol P G T S [ I B R

U5 NOISE DATA
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An2
ARS
AAS
RAL
RAT
RAB

AN
ST DEV
J0% CI

AA2
AAD
ARG
Ak
AAT
AAE

AYE
ST BEY
0% L1

AAZ
AA3
RAS
AfB
AAT
ARE

AVS
STD DEV
§0% CI

LEVEL FLYOVER PILOT 2-1
CENTERLINE CENTER

EFHL
B7.4
B8.2
§7.9
B7.4
7.4
B, 1

B7.5
0.4
0.4

SEL
B4.3
B4.9
B4.0
B4.2
B4.0
B3.7

84.2
0.4
0.3

FHLTa
0.1
50.2
89.2
90.1
70.4
8.4

B%. %
0.4
0.4

fle
Thid
18,2
76,0
77.2
75,3
75.2

To.4
0.4
0.3

SIDELINE LEFT BITE 2 &3

EPNL
87.3
7.2
87,
87,
87,
B7.

“ul D s Ll B

B,
0.
0.

[ T T |

SEL
B4.1
Bi.B
B3.7
B3B8
B3.8
B4.3

B

==
wle i
=t B3 3

PHLTa
BE.5
BE.4
B85.4
B9.4
Be.B
BY.4

8.0
0.5
0.4

fAle
T4.8
74.3
74.5
75.4
T4.7
75.4

74.9
0.3
0.4

SIDELINE RIGHT SITE 2% 3

EFNL
gb.4
BE.&
B3.4
Ba.4
3.2
Bb.4

Bh.
0.
G.

LNoO- b

GEL
83.2
B3.7
H1.7
Bi.2
B2.4
B3.3

B

B a2 Ll
i L

PHLTa
B7.9
8.7
B7.4
Bd.2
Bb.9
BE.4

AL
.7
74.8
T4.0
75.0
14.0
746

DUR A
15.0
13.5
17.5
12.0
14.5
12.0

13.9

1.7

NUR A
165
16.3
18,5
1.8
15.3
1.5

OuR P
12.0
13.0
18.3
12,4
12.0
12,0

12.%
1.8
1.3

T

R — T ep—
e
Lo X Y - e S L T o ]

L= —
il o |

L e o e
=0 L0 S =l o= w0 3

= e
. 1

P S o gy S
s LA S G-l == k3 3

L= =
|

US NOISE DATA
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EANT
13
23
2]
23
13
23

2

BANHD
20
20
Fy]
20
a2
2

2l

BARD

22
22
7
2

1
e

3

Hal
23
PR
L
2h
3
3

2

MAI
33
3
23
33
)
Vil

28

HAY
24
24
24
3
b
24

24

NOY
2h
i
23
3
25
25

23

NOY
3
32
a2
34
32
2

i}

DY
23
22
34
27

3

25

BANDS
a7
a7
a7
27
7
27

7

BANLE
14
33
34
3
33

e

32

BANDS
28
28
33
2
24
2k

i



LEVEL FLYOVER PILDT 2-2
CENTERLINE CENTER

EPNL  SEL FNLTa Ale DURA DURF TC BAND  MAY MDY BANDS
AY1% Bkl 82,7 8.0 T2 10,5 10.0 1.2 2 24 b 2
AY20 BY.1 B3.7 BB 7R7 IAS 135 1.4 ] 23 26 n
AY2l 86 83,5 B9 Th4 9.5 9.0 LD i a4 28 24
A¥22 86,5 63,2 BB TAT 140 130 L3 23 23 28 Ty
RY23 B7.5 BLZ B9.Y TR O1LS M5 . 22 24 23 22
RY2% 88.0 BAT 304 774 14,0 145 1.2 23 23 2 7
RYZS B7.4 B0 BR.T  Tb4 13,00 135 0.9 23 i 23 27
a¥27 B8 BLT %03 WG I3 135 1.2 23 3 Fi] b1 |
AYZH BA.6 B30 8.4 T84 153 140 L3 23 il 26 i
AY29 B7.0 BLS BY.5 7.0 135 12.5 0.9 22 &) 2h 24
AY30 B&.T B34 P06 782 185 135 1.7 3 23 b 33
AE BT.D BES B9.T T 134 126 1.2 3 24 28 21
STOOEY 0.6 06 O6 07 2N LT 0.2
MWLLI 0.3 03 63 0.4 LI 09 01

SIDELINE LEFT SITE 2 & 3

EPNL SEL PNLTm ALe DURA DURP TC BAND MAY  NDY BANDS
AYIY BB.4 BAY 0.0 T4 170 AT LB 12 32 33 34
AYZ0' BB.3 BR.A  BY.4 752 1RG0 475 1.b 20 23 33 32
AYZl BY.0  BI.& FLO 7T.20 IR0 LG 7. 20 32 33 4
AYIZ WA HA e NA: LG 20 AT 20 23 33 32
AYZ3 B0 BS.6 914 774 1.0 leD 14 12 23 32 22
AY2E  NA W A (TS & PR . 1 E Y. i) Fi] 22 a2
AYZS B%.0 E5.3 90.3 7l 19.5 150 L. 12 23 iz 3
AYZ7 B0 BE.5 %L.D TRE 20.0 1T.0 1.4 22 23 1 34
AYZE B8.3 BL %03 L6 2000 1700 1.B 12 &) i1 3
AY29 B8.0 842 BR.Y Thh MDD 155 LLd 22 23 22 33
AY30 88,4 BAE 0.6 752 Za0 21T LGB 23 23 33 32

ARYG 88.5 B0 90.5 742 1%L 16T 1T 22 ] % 32
SOV 04 UG o oh BBl 0EGEE W
SLEL 63 03 Y 0 LE L2

SIDELINE RIGHT SITE 2 & 3

EFNL  SEL PHLT Als DURA TURP TC BAND  MAY MDY BANDS
AY19 BE.B  BA.B 913 Th.9 1A B50 L 2 4 34 3
AY20 B8R.0 841 B3 TSF 165 IR0 L4 2 24 34 27
fYZl BY.7 Bhl 8RB TR0 MR G Lk i 24 14 Vel
RY22  NA NA L] NAo 165 L8 0L3 2 4 4 2h
RYZ3, B7.6  B4.2  BBLY 0 ThT 1900 490 L3 7 b 1 be]
AY24 WA L KA Koo 285 8.3 0.7 b 23 L] 2h
AYZS 8r.6 BAD  BB.T TR4 135 155 0.9 12 23 24 &2
RYZ7 MR B4 BR.0 Th.E 19.0 N 0.9 a2 34 22 23
AY2B B5.B B2.B 87.3 TJ44 180 .0 1.1 i b ) 24
AY2? B7.3 B39 #8B.¢ 752 17.5 18,0 0.8 28 3 24 34
RY30 BL7 827 Be.e 739 213 IO L7 e ) 23 34
AYE 87,3 B3.9 @888 73.5 1B.4 187 L2 3 25 28 28
SIDDEY L 0 L 0% EBY LT 04
Wi il A7 04 0 G A1 24 0.2

U5 NOISE DATA
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Al
A2
A4
RS
b
A7
Al

AVE
STD DEV
501 CI

RAZ
AR3
ARG
HAG
AR7
AAE

AVE
510 DEV
901 C!

Pilot

EPNL
B7.1
B7.0
B7.2
Bk. 4
Bb.7
Bb.6
B&.8

Bb.8

0.3
0.2

Pilet 2~1

EPHL
B7.1
B7.3
Bo.&
B7.0
B&.0
B7.2

B7.0
0.3
0.3

SEL
Bl.4
B3.53
B3.8
B3. 1
B3.2
B1.3
B3.5

B3.4
0.2
0.2

SEL
B3.9
841
83,5
83.7
Bi.4
B3.B

B3.7
0.3
0.2

FLYOVER
Three Mic Averages

1-1

FHLTa
BB, 4
BB. 1
B8.3
BL.&
BE.1
BE.3
Ba. 0

BE. |
0.3
0.2

PNLTE
BE. 8
B8.8
B8.7
B9.2
8.7
89.1

B89
0.2
0.2

fiLe
74.8
4.3
14.5
74.2
74,5
T4.8
743

74.5
0.3
0.2

AlLe
75.2
73.1
74.8
75.9
73.0
75.4

Pilot

EPNL

AII7 87.4
Al2e 87.4
AI29 87.1
AI30 87.1

AVE B7.2

STD DEV

90L L1

AY1%
AY20
AY21
Y22
AY23
AY24
AY25
AY27
Y28
AYZ9
RY30

RVE

5TD DEV
§0% L1

US NOISE DATA

0.2
0.2

SEL
B39
g0
B3. &
Bl.b

B3.8
0.2
0.3

Pilot

EFHL
87.7
B7.8
87.9

HA
BE.0

A
B8, 10

N
B5.9
87.4
Bb.9

87.b
0.5
0.3
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SEL
BA. |
B4.1
8.4

NA
BA.7

A
84.5
B4.5
83.4
Bi.9
B3.4

4.1
0.4
0.3

1-2

FHLTR
9.4
g9.2
89.4
BY. 1

B9.3
0.1
0.2

Als
75.8
75.8
73.4
75.5

2—2

FNLTa
0.1
B9.5
90.2
HA
90.0
HA
8%.6
90.1
8%.0
B9.1
B9.2

B

= B e |
® - m .
Enl £ =~

AlLe
T6.2
75.4
14,5

NA
76.7

KA
76.1
76.0
75.2
73.8
75.1

7

= N
e O -0



B3l
B3
B9
B4l
B43
B4S
B47
B4y
B52

AVE
STD DEV
0% Ci

B33
BT
B33
Bal
B4J
B43
b7
B4?

B2

AVE
STD DEV
g0t C1

B33
B37
B39
B4l
B43
LH]
BA7
B49
Ba2

AVG
51D DEV
501 C1

TAKEDFF PILOT 1-1
CENTERLINE CENTER

EPHL
Bb.5
Bb. 1
Ba.8
B5.3
7.4
B7.0
B7.3
Be.7
B4.2

Bt.7
B
.

= T or-

SIDELINE LEFT

EPNL
Bb.&
B7.1
87.5
Ba.9
B5.7
B7.0
7.3
7.1
Bb.7

8.9
0.5
8.3

SIDELINE RIGHT

EFHL
B7.0

L]
86.7
Ba.0
B5.7
B5.%
B4
Bb.3
B5.7

Be.
0.
0.

L=l LN Fd

SEL
8.0
B2.2
82.5
Bl.4
B3.4
B3.3
82.%
B2.8
B2.4

82.8
0.4
1 8%

SEL
B33
Bi.E
8%.4
B3.%
BL.O
B3.5
8.4
B3.&
B34

B3. 4
0.8
0.3

SEL
B3.4
)
Bi.0
B.6
B2.0
B2.2
B2.3
B2.9
B2.1

QPM
-l LA B

FHLTa
B7.9
B7.4
B8.3
B7.9
88.1
BE.5
8.9
B8.4
B8.0

BE.3
0.7
0.4

PHLTa
a7.8
87.7
8a.8
88.0
8s.7
87.9
Ba. &
B7.7
B7.1

B7.8
0.7
0.4

PHLTa
BH.&

KA
B7.9
Ba. %
B7.2
E7.2
B7.9
BH.2
Bh.2

Ale
73.5
126
73.9
13.6
137
1.1
T4.0
FEW
13.5

13.
0.
0.

0 LMOLA

Ale
13.2
73.1
73.4
74.3
28
1.8
73.9
73.5
72.6

= 0 L
[, B -

ALe
12,4
WA
72.0
12.0
7.4
7.3
124
72.2
1.7

[ -
-
4= O~ T

OUR &
17.0
19.5
195
18.0
23.5
3.0
19.3
17.3
17.5

= i -3
O OO d

DUR &
20,0
26,0
4.0
21.0
25.5
26,0
28.5
22.5
255

DUR A
26.0
26,3
7.5
5.0
23.5
8.5
28.0
5.0
25,5

— — LH
Pl SO -0

DUR P
15.3
15.5
15.3
16.5
15.0
16.5
1.9
15.0
15.3

iy = O
- - -
3 e O

BUR P
21.5
21.5
21.0
23,5
20.0
2.0
23.0
18.5
23.5

[P -
* = a
= o= A

T

(o

t\-'l Pl B3 RO B R = e RO
- = - m . = M -
LES IR . e BT = B =

L e R e |
el

1C
2.8
2.4

[ T R T T R
R e i Y chl ealll e
B i e sd = =

=
Lol o B - o

1T
2.5
1.2

L RS T 6 K T T N |
= - il e B - S - e -

L N
5 = 4
— k3 LA

U5 NOISE DATA

EBAND
2
22
17
2
a2
2
22
22
12

a2

BAND
22
19
22
22
s
i
iz
2
19

EAND

22

2
21
22
22
12
1
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HAY
22
22
15
2
iz
27
2
i2
22

22

HAY
4
a1
2
24
2
22
il
34
a2

24

HAd
4
24
24
24
74
ye
L
24
24

24

HoY
25
25
35
25
b
23
25
25
25

b

NOY
22
4
24
32
24
24
24
1
24

2b

NOY
2
27
2
21
22
a2
ii
22
¥

22

BANDE
33
34
34
34
24
4
33
H
34

33

BANDS
12
34
32
M
52
31
b
52
32

32

EARDS
34
b
r
34
v
2t
27
34
34

30




TREEDFF PILOT

1=3

CENTERLINE CENTER

EFNL
BI3Z Bb.2
BI34 BA.3
B1lk 86.7
bIlg Bb.3
BI40 B4,

AVE. Bb.4
STO DEV 0.2
0L Ll 0.2

SIDELINE LEFT

EFKL
BI32 B7.4
8134 B7.3
Bi3b 87.7
B138 Bb.7
BI30 87,4

RYE B7.4
5TD DEV 0.4
961 CI 0.4

SIDELINE REGHT

EFKL
BI32 B85.0
Bi34 BE,5
BI34 B5.9
BIJE 85.5
BI40 B5.7

AYE B39
570 DEV 0.4
0L L1 0.3

SEL
82.8
§2.%9
83.3
82.%
B2.4

el

L
0.
0.

o |

SEL
Bl.8
B3.8
819
8.1
3.8

B3.7
0.3
0.3

SEL
B2.4
B2.8
B2.5
iil

.2

B2

B2.4
0.3
0.3

PhLTe
B1.4
87.2
B1.9
8.0
B8.0

81.7
0.4
03

PHLTa
B8. 1
BE.%
B%.3
Ed. 4
Ba.&

BH.7
0.5
0.5

FHLT
B7.8
B7.%
B1.2
Bb.8
BG.7

g7,

[ i
R
L B

Ale
13.5
S
153
72.4

12.8

Al
T5:d
73.6
73.8
73.0
7259

73.4
0.4
0.4

fle
72.1
T3
.3
.2
7.4

L

L= R =
=
S LR

DUR A DUR P
280 11,5
.5 15
26,5 195
34,0 17.0
195 17.0

(o

R A on
il
— e O
B Gl

OUE A DUR P
I [
23,5 20.5
3.5 20.0
3.0 1.3
410 19.0

9.6 9.5
S
-FE- T 4

DUR & DUR P
0.0 2L5
G 250
250 21,5
Lo 220

i

i N Y

US NOISE DATA

T

Lo % B B O B
- a om i
L= o= Bt — I o O o |

BAND
Tyl
22
22
a2

i

22

BAND
z
22
a2
22
i2

BAND
i2
1
22
2
22
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Hrl
i1
2z
22
22
22

MAX
22
22

22
2

22

HAY
24
24
24
24
2

24

NOY
24
15
24
23
i

29

NOY
24
24
24
4
34

24

DY
ik
2
22
22
22

2

BANDS
32
hL}
b
33
34

32

BANDS
33
&L
34
34
33

kil

EANDS
34
2h
34
34
27

3



TAKEDFF PILOT ZI-]
CENTERLINE CEMTER

EPNL
BE11 BB.4
BE13 BA.8
BE1S B7.1
BB1T B7.0
BB17 Bb.&
BHI3 BE.3
BB2S B7.7

AVE B7.7
ST DEV 0.9
9L CI 0.8

SIDELINE LEFT

EPHL
BA1l 87.8
BEI3 BB.3
BELS B6.7
BBLY B6.4
BE1T Bb.4
BEZS B7.4
BH2S B7.8

AVE B7.7
5TD DEV 0.8
ML Ll 0.6

SIDELINE RIGHT

EPNL
BALL BA.4
BEID Bb.4
BEIS 87.0
BEIT Bbid4
BEI? 83.7
BBZ3 Bh.5
BE23 87.0

AVE Bb.3
ST0 DEV 0.3
oL Ll 0.3

SEL
B4.8
Bi. 1
B3.5
B3.7
g2.8
Bi.1
B4.1

B

== =
x = -
- O o=

gEL
B0
Ba. &
82.9
BZ.4
B2.4
B3.S
8.0

B3,

o i LA
E-rom
L= S = &

SEL
B2.9
B2.B
3.3
B2.G
gl.ga
B2.%
BlL.3

82.8
0.5
0.4

PHLTe
9.2
83.2
83.3
83.3
B88.35
90.3
89.1

g

lﬂ-'ﬂ':-ﬂ
O~ OO ==

PNLTm
B8.2
B9.4
B8.8
B7.2
BB.%
BY.3
Be.8

= £ oo
o o —d

PHLTe
§3.2
89.0
7.8
B7.8
5.5
BE.§
.8

BA.2
0.7
0.3

Ala
16,12
15.3
13.0
73.9
748.2
731
74,1

7

== B A ]

4.
L.
0.

ALs
133
745
13.2
72.0
73.2
13.6
PE,

= 2 LAl
= SR - -

fAle
73.0
73.2
2.9
71.%
12.8
12.2
3.2

L= B = )
= LN -a

DUR #
e, 0
19.5
25
22.3
0.0
1.3
20,5

L
sl =
o L)

DUR A
2.5
248.5
6.0
25.0
25.0
25.3
29.0

a3
e Y]
- - -
= LN w0

OUR A
22.5
24.5
24.0
26.0
28.9
29.5
27.5

= b3 0=
(== = R =]

DUR P
14.0
18.0
18.3
20.0
18.3
18,3
16.0

b= Pl e}
P
L = o

DUR P
22,3
.5
8.0
23.3
20,0
1.0
21,5

e
LA OO =

DUR P
20.0
17.5
255
3.0
25,3
25.0
195

L]

Pl e —
B3 = -0

1

— P B ewm ) e e
- Haai- . H - -
s N R - B < - o]

e e R |
* o m H
Lol o B —

1C
2.6
2.8

L e I e |
it st Tttt
| o o i

1)
0.1
0.1

1C
2.3
2.6
23
b
Lt
b

£ 0 a
L=l = o

US ROISE DATA
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BAND
2
22
19
19
19
19
11

20

BAND
4,
2
i)
s
¥
2
2

22

BAND
iz
2
12
71
id
22
iz

HAX

22
12

a2
22
2

&l

MAX
2

2
y¥i

22
2

22

HAY
24
24
24
M
24
12
4

24

NOY
34
3
24
33
24
4
S

NOY
21
24
14
24
24
24
24

24

NOY
¥
22
1
22
i1
24
27

2

BANDS
33
4
33
34
33
34
34

34

BANDS
3
33
]
34
34
33
7

33

BANDS
il
34
bl
7
b
i
26

2%




BY3
BYS
BYS
BY1l

TAREDFF PILDT 2-2
CENTERLINE CENTER

EPAL
Be.4
B9.1
B%.3
BO.4

BYI3 88.3
BY15 92.4
BY17 B%.9

AVE
570 DEV
5§01 LI

BY3
BYS
BYe
BY1l

8%.4
L4
1.1

SIDELINE LEFT

EFHL
BE.4
BB.S
0.1

NA

BY13 88.3
BY15 89.4

BY17

AVE
STD DEY
J0L CI

BY3
BYS
BYY
BY1l

ga.8

B9.0
0.7
0.8

SIDELINE RIGHT

EPNL
B7.8
B7.2
B7.3
87.0

BY13 82.5
BY15 87.2
BY17 87.3

AVE 87.3

STD DEV
901 [1

0.3
0.2

SEL
B5.2
B3.3
B5.5
B4.%
B4. 48
BE.4
Bb.4

B5.8
1.3
0.9

SEL
B4.5
B4.3
857

HA
B4.4
83.3
8.7

B4.B
0.6
0.3

SEL
83.7
B3.3
8.5
8.1
Bl.4
B3.6
B3.7

Bi.5
0.2
0.2

FNLTa
B9.0
90,2
9.5
0.3
B9.5
B4.4
89.7

70.
l.
I

B e |

FNLTe
B9.9
BY.8
90.4
KA
B9.4
0.4
50.7

o B = B~ ]
B L L I S |

PHLTe
87.4
89.3
70,4
89.4
BA. 1
BE.7
9.3

B%.3
0.7
0.5

fls
15.4
75.9
Th.3
16.0
3.1
719.5
73.4

76,

—— O~
Lo LI

Alm
74.5
73.8
75.5

hA
.3
75,2
73.4

ila
73.8
73.6
74.8
TET
12.6
73.2
737

737
¢.7
0.5

DUR A DURP T
2.5 17,0
21.0 18.5
15.0 13.0
i7.0 14,0
19.0  15.5
1%.0 180
5.0 1.0

o]

e L I o e . e
- = LI | - -
b R e R R R

19. 1

— = gy
= W

e - - ]
f A T
et el
e I - -]
= = b
L= L = N —

DR A DURP T
2.5 1.5
28.0 21,5
8.0 25.0
.0 =200
.5 9.5
4.0 17.0
0.0 150

Lo

:“-JHMMMMM
i i e 2
e = o = R R R

L]
—
=0 O~ &
. L R
g Ty
e I =

DURA DURE T
22,0 20,5
26.0  20.5
1.5 14,0
3.0 1p.0
2.0 0.5
25.0 11.5
5.0 20.0

:‘\JHHMMMM
EfA 3 3

-F= e LN Ew LW

3
il

LA - -

[ = B

US NOISE DATA
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BAKD

¥y
22
2
2
22
19
2

1

BAND

2
s
22
2
2

L
S

2

2

BAND

15

22
2
¥
Y
2
22
i

1

MAY  NOY
35 3
fh] 34
22 2
22 35
22 a5
) 35
22 33
28 33

MAY  NDY
b 24
22 24
2 24
i 24
iz 24
27 4
22 24
22 24

HAY DY
24 22
24 22
24 22
24 22
24 22
4 22
24 22
24 2

BAKDS
2
33
3
34
H
24
it}

a1

BANDS
34
34
4
34
H
&3
33

34

BANDS
34
349
3
34
77
34
a7

32




B33
B37
B3
B4l
BA3
B4G
B47
B4t
Ba2

RVE
STD DEV
¥0% €1

Pilot

EPHL
B&.7

HA
87.0
Bo. 4
Bb.3
Bh.b
87.0
Bh.8
Ba.2

Bh.6
0.3
0.2

Pilot

EPKL

BELL B87.4
BE13 B7.8
BB1S BA.9
BBI7 Bh. &
BB1Y BA.2
BE23 B7.3
BBIS 87.3

mME 87.2

5T DEV
501 L1

0.4
0.4

8EL
8l.1

b
BlL.0
B3.0
82.5
B3.¢
B2.9
Bi. 1
B2.8

SEL
B1.9
B4.1
Bl.Z2
B2.9
B2.3
B2.8
Bl.E

B3.4
0.7
0.3

TAKE-OFF
Three Mic Averages

1=
PHLTa  ALa
BE.l T3
A A
Be.3 7.
grt 153
B7.7 7.1
87.% 7.7
BE.g 7.3
g88.1 7%
g7.1 13
7.9 139
(L. 0.5
0.4 0.3
2—1
PHLTe AlLe
B8.% 4.2
B3 T3
88.3 73.0
B7.8 72L&
g8.6 734
88.B Ti.b
B8.9 73.7
BB.7 T73.&
0.5 0.8
0.4 0.5

Pilot

EPRL
B13Z Bb.3
B134 Bb.E
BIl6 Bb.B
B138 Bb.2
B140 86.56

AVE Bb.&
5TD DEV 0.3
I 0T 0.2

SEL
Bl.0
83.12
813
B2.7
812.8

B3.0
0.2
0.2

Pilot

EPHL
BY3 B8.2
BYS 88.3
EY? BE.%
BYll WA
BY1Z BB.O
BY1S B9.7
BYLT 86.7

AVE BB.4
STD DEV 0.8
MWL Ll 0.5

US NOISE DATA
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SEL
B4.3
B4.3
B4.9

KA
B4.2
B5.B
84.9

B4.8
0.5
0.5

1 —
PHLTR
B7.48
6.0
Be.1
B1.7
B7.8

B7.%
0.2
0.2

2

Ale
751
73.1
12.%
12.2
72,4

12.7
0.4
0.4

2-2

PNLTa
BY.4
BS.8
70.8
NA
BY.0
N3
B9.9

k]

f— -
R

Ale
T4.8
74.4
73.3

NA
74.0
76.0
74.8B



